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INTRODUCTION 
This investigation was devoted to a study of food availability and 
the selective utilization of these foods b.1 juvenile mallards (!n!! 
platyrBYnchos platyrhynchos L.). Information on the food habits of 
juvenile waterfowl of all species is scarce. The little information 
available exists primarily as supplemental information in food utiliza-
tion studies on adult waterfowl. The food habits of ducklings, traced 
from hatching through the flight stage, is for the most part unexplored. 
This study was intended to contribute basic knowledge to this discipline. 
Western marshes are targets for mosquito abatement programs de-
signed to eliminate mosquitoes near urban areas. Regard is generally 
not given to the poisonous effects of the chemicals on other species 
of invertebrates, the contamination received by the surviving organ-
isms which may be consumed by waterfowl, or the direct effect of the 
poisons on the birds themselves. By knowing the specific foods required 
by the various duckling species the effect of the chemical poisons on 
these foods can be studied. Eventually habitats may have to be intensely 
manipulated on our limited breeding and brood rearing grounds in order 
to furnish optimum food supplies for broods and support the most efficient 
combination of species to properly utilize habitat potentialities on a 
common use basis. Furthermore, knowledge of specific natural foods of 
the various duckling species at different ages offers interesting possi-
bilities in the studies of waterfowl nutrition. Research into food 
nutrients and the digestibility of them by ducklings will furnish basic 
incormation on natural waterfowl nutrition for the critical juvenile 
period of the life cycle. 
2 
The primary objectives of this study were to determine (l) foods 
available to juvenile mallards during the rearing season, (2) foods 
utilized b,y the ducklings, (3) food selectivity shown b,y various aged 
mallards from the time of hatching through the flight stage, (4) 
factors which influenced the availability of duckling foods, and (S) 
factors which governed the selection of these foods by juvenile mallard 
ducklings. 
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REVIEW OF LITERATURE 
An early recognition of the availability factor in determining 
waterfowl food preferences was made by McAtee (1918) who believed that 
availability determined the choice of food. Kalmbach (1934) indicated 
that a knowledge of environmental and other conditions was needed when 
sampling stomachs for the proper interpretation of utilized foods. 
Pirnie (1935) thought that food preference was indicated when two or 
more foods were equally available but where one was consumed more than, 
or to the exclusion of, the others. 
Bellrose and Anderson (1940, 1943) used a food value ratio. cal-
culated b,y dividing the per cent use by the per cent abundance. to 
determine plant food preferences of waterfowl. Morse (194l~ who used 
a similar ratio, felt that consideration of the environment was im-
perative in determining preferences and that foods consumed in the 
great quantity may actually be the preferred items. but because of 
necessity, a highly preferred food may appear in small quantities in 
the diet of waterfowl regardless of abundance. This limited utilization 
was also recognized by Leopold (1933). 
Stoudt (1944), concerned with the food preferences of mallards 
during the hunting season. found that hunting pressure determined the 
availability of foods as the birds migrated to areas with less hunters 
so that the quantity of food consumed from a particular area was in-
versely proportional to the hunting pressure. 
Environmental conditions influence the degree of food availability 
on a marsh. Fluctuations of water level is the most crucial factor in 
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the development of waterfowl habitat (Martin and Uhler, 1951), as 
Mendall (1949) found in relation to the black duck (~ rubripes Brewster) 
food requirements. Both Wolf (1952, 1955) and Jenni (1956) studied effects 
of water level on breeding activity and the rearing of young waterfowl. 
Bellrose (1941), Wiebe (1946), Anderson (1941) and Low and Bellrose 
(1944) also studied water fluctuations on marsh habitats. 
Studies of waterfowl food utilization show that adult ducks, par-
ticularly surface feeders, consume more vegetable than animal food 
(Reeves, 1954). Adults of inland diving ducks also consume primarily 
plant matter, but sea ducks prefer animal food (Cottam, 1939). Madsen 
(1954) also found that ducks of marine habitats consumed primarily ani-
mal foods. The diet of adult mallards generally consists primarily of 
plant food (Forbush, 1909; McAtee, 1918; Madon, 1935; Madon in Neithammer, 
1938; Witherby at a1., 1945; Munro, 1936, 1939a, 1943; Stoudt, 1944; 
Forbush in Pearson, 1944; Campbell, 1947; Hahn, 1948; ~~rtin et al., 
1951; i~rtin and Uhler, 1951; Sparck, 1958; Dillon, 1959; Anderson, 1959; 
heith, 1)55, 1961; and others). 
Same available data regarding the food utilized by various species 
of ducklings indicates the apparent importance of invertebrate foods, 
particularly in the diet of the younger age classes: Barrow's golden-
eye (Gaucionetta islandica Gmelin) (Munro, 1939b); lesser scaup (Nyroca 
affinis E;yton) (Hunro, 1941); bufflehead (Charitonetta alOOola L.) 
(Hunro, 1942); pintail (~ acuta L.) (Munro, 1944); green-winged teal 
(Anas carolinensis Gmelin) (Hunro, 1949a; and Beard, 1953); baldpate 
(!1areca american Gmelin) (Munro, 1949b; and Beard, 1953); black duck 
(Anas rubripes Brewster) (Mendall, 1949); ring-necked duck (Aythya 
collaris Donovan) (Mendall, 1958; and Beard, 1953); blue-winged teal 
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(~disc6rs t.) (Beard, 1953); hooded merganser (Lophodytes cucullatus 
t.) (Beard, 1953); wood duck (!!! sponsa t.) (Coulter. 1957); and 
mallards (Dementiev and Gladkov. 1952; and Chura, 1961a. 1961b, 1961c, 
1961d). Cottam (1939) r~ported on the foods taken b.Y some juveniles 
of several species of diving ducks. 
Olney (1958) recognized the importance of knowing dietary differ-
ences between bird species for plarming future conservation measures, 
citing Gause (1934) with the contention that no two species possessing 
similar ecological requirements could live together; also, that species 
in the same region differ mainly in their feeding habits, each species 
consuming priroari~ different foods with a lack of competition for the 
same food (Lack. 1944, 1947. 1949. 1954). Collias and Co111as (1958) 
observed that each of several species of ducklingS, during the first 
week of age, fed primari~ on invertebrates and despite some overlap 
in diet each appeared to specialize on different fauna. 
Animal matter apparently fulfills the need of protein in juvenile 
birds. Wing (1951) olaimed nestling birds were fed predaninant1y 
protein and moisture as an instinctive adjustment of the parent to the 
growth requirements of the young; protein is needed for growth, repair 
and stable mitotic rhythum which is continuous but regulated sOIIleWhat 
. 
inversely to body activity reaching its highest point just before dawn 
during sleep. Norris and Scott (1952) claimed that chicks and poults 
require the greatest amount of protein during the first few weeks after 
hatching when formation of new body tissue is greatest, but as they 
approach maturity less protein is required, 
The need for proteinaceous food for juvenile birds proposes the 
consideration of availability of animal foods that various habitats may 
6 
support. Spaun (1942) determined that the availability and relative 
abundance of animal foods in the respective habitats of two species of 
shorebirds determined the variety and quantity of foods consumed. Few 
differences occurred in food consumption when the two species were in 
the same habitat, but marked differences appeared when each species was 
in its own habitat. Availability and abundance of food in each habitat 
were considered primary factors determining the variety and amount of 
food items taken. Food preferences which might be indicated by the 
shorebirds were believed to be of secondary importance. 
Population dynamics of animal food organisms may be directly related 
to waterfowl ecology. Hall (1947) found that animal foods showed marked 
abundance in fairly direct order to their importance during periods when 
they were most needed by waterfowl. This correlation between abundance 
and importance of insects was most noticeable with regard to the juve-
nile ducks which needed readi~ accessible, highly proteinaceous, 
easily ingested items that occurred amply in the brood covert areas. 
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STUDY AREA 
HistorY and Description 
The Bear River Migratory Bird Refuge (Figure 1) was established by 
a special act of Congress on April 23. 1928. The nearly 65.000 acres 
of marsh and alkali flats. containing approximately 35,000 acres of 
artificial lakes. is bordered by the Promontory Mountains on the west 
I 
and the \olasatch Range on the east. Headquarters lies about 15 miles. 
by auto. west of Brigham City. Utah. near the center of the Bear River 
Valley. 
Bear River Valley was once covered by 20.000 square mile Lake 
BonneVille, which was an inland sea during the Pleistocene Epoch. Pre-
cipitation and melt water during the interglacial periods caused the 
lake to be 1,000 feet deep in places. Through Red Rock Pass and old 
channels of the Snake and Columbia Rivers. lake water drained into the 
Pacific Ocean. Climatic change increased aridity causing the level of 
the lake to fall below its outlet. Continued dryness further reduced 
the water level and increased the salinity until all that remains of 
the lake today is the Great Salt Lake which has an average depth of 
not more than 20 feet and has one part of salt for every five parts of 
water. 
The south dikes of the refuge prevent the water of the Bear River, 
the principle water source of the refuge, from flowing from its delta 
into the Great Salt Lake to the south. The water of the refuge lakes 
varies from zero to about 3 feet in depth. Borrow ditches adjacent to 
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Figure 1. Bear River Higratory Bird Refuge. Utah CX> 
the dikes, and channels through large stands of vegetation, vary in 
water depth to a maximum of about 6 feet, and 75 feet in width. 
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Aquatic vegetation on the refuge consisted primarily of Potamogeton 
pectinatus L. (sago pondweed) with lesser amounts of Zannichellia 
palustris L. (horned pondweed), Chara spp. (musk grass), Ruppia maritima 
L. (widgeon grass) and other species. 
Emergent stands of Scirpus paludosus Nels. (alkali bulrush), 
Distichlis stricta Torr. (salt grass) and Typha spp. were cammon adjacent 
and extending into the lakes from the headquarters area. 
Scirpus acutus, occasionally interspersed with TYpha spp., was the 
dominant emergent along the lake shores. Distichlis stricta and Salicornia 
rubra Nels. (glasswort) were abundant on the drier ground along the dike 
roads along with Helianthus annuus L. (common sunflower) and Asclepias 
speciosa Torr. (common milkweed) on the lake shore side of the dikes. 
Q. stricta, interspersed with Hordium jubatum L. (foxtail barley) was 
dominant on the borrmi ditch side of the dikes and general~ formed a 
dense stand extending out from both ditch banks. 
Study Plot 
A I-acre study plot approximately 110 feet by 406 feet was established 
on the west side of unit 2a of the refuge for the study of invertebrate 
populations from May through July, 1960. This unit consisted of about 
130 acres bounded on the west, south and east sides by dikes and adjacent 
to the southwest side of the headquarters area. The open water area 
supported a dense stand of Potamogeton pectinatus interspersed with 
Chara spp. and Zannichellia pa1ustris. Open water was bordered by 
stands of Scirpus acutus and ~. paludosus. Distichlis stricta dominated 
the hipher ground of the west and south dikes. 
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The Distichlis strict a stand on the west end of the study site, 
divided by a borrow ditch, was interspersed with a small patch of 
Scirpus acutus and Typha spp. plus a few plants of Polrpogon m£n-
speliensis L. (rabbitfoot grass) and Hordium jubatum. The borrow ditch 
supported little Potamogeton pectinatus which was dominant in the open 
water area. Chara spp. and Zannichellia palustris interspersed the 
f. pectinatus stand. A dense stand of ~. palusosus bordered and extended 
eastward from the open water portion of the study site and this in turn 
was bordered by a ~. acutus stand which covered the eastern end of the 
rectangular plot. 
Establishment of the study plot in Unit 23, done with the aid and 
advice of Dr. Jessop B. Low. proved a good choice. Mallard hens nested 
and raised broods on the area each season the study was in progress. 
The invertebrate foods found in the five habitat types of the study 
plot, common throughout the refuge, were considered representative of 
the kinds available to mallard broods frequenting similar habitats 
elsewhere on the marsh. 
Weather Conditions 
Average annual preCipitation is 13 inches at refuge headquarters. 
It falls primarily during the winter and spring months. The mean 
annual temperature is 51 degrees F with extremes of 10 below to 104 
degrees above freezing. Average wind movement is approximately 21,000 
miles per year. 
The weather in ~1ay, 1960, was generally dry and windy with below 
normal preCipitation which amounted to 0.53 inches occurring on five 
different days. The maximum and minimum temperatures were 90 and 
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31 degrees F. respectively. with 72 and 45 degrees being the average 
of the high and low temperatures for the month. Wind movement totaled 
2.718 miies for an average of 94 miles per day. 
Precipitation for June amounted to 0.01 inches in one day's rain. 
The maximum and minimum temperatures were 94 and 45 degrees F. respectively, 
with 85 and 54 degrees being the mean of the highs and lows for the month. 
Wind movement averaged 62 miles per day to total 1,870 miles. 
Two days rain totaled 0.0) inches for the month of July. Unusually 
hot and dry weather prevailed over Utah and many new records were estab-
lished. A record of 104 degrees F occurred on the refuge and generally 
high temperature prevailed averaging 97 degrees. Minimum temperature 
was 51 degrees, while the average minimum was 61 degrees. Average 
wind movement amounted to 55 miles per day with a month's total of 
1.715 miles. 
Hot and dry conditions continued through August but temperatures 
dropped somewhat and precipitation was above normal. 
Bear River flow during the three months above was considerably 
below normal; consequently, water conditions on the refuge were the 
most critical ever experienced since 1940 (Wilson, 1960). The Cutler 
Power Station closed on May 19 when all the river water was diverted 
into the Bear River Valley canals. Water received at the refuge then 
came from return flow below the Cutler Dam. At the end of August Units 
1 and 5 were completely dry. Unit J about 75 per cent dry. Unit 2 about 
60 per cent dry. but Unit 4 was at the planned level because it had 
fir"st priority to the available water. Auxiliary Units la and 2b were 
also held at the planned levels. 
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Regardless of the drought the emergent vegetation made rapid growth 
throughout the season as did the submersed aquatics early in the season. 
Production of seeds and tubers was curtailed among the aquatic plants 
over most of the refuge because of the drying lake beds. Continued 
drought conditions in future years could greatly decrease total plant 
production on the refuge. The present value of the area as a resting 
and feeding ground for migratory waterfowl may be jeopardized if 
similar climatic conditions prevail. 
Except for causing difficulties in sampling aquatic organisms in 
the study plot drought conditions did not hamper research during the 
1960 season. Most mallard broods were collected and observed along the 
dikes on the south part of the refuge where deeper water was available 
for a considerable part or the entire rearing season of most mallard 
broods. Conceivably some broods were forced out of the northern areas 
of the marsh as the water receded and dried the lake beds. This may 
have caused more ducklings to be available for study along the south 
dikes than in wetter years. 
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METHODS AND MATERIALS 
Sampling for Invertebrate Availability 
Aquatic organisms 
Water samples. Twenty-five water stations were established within 
the study plot (Figure 2) on a restricted randomized design to include 
five sampling stations each in the borrow ditch. open water. Distichlis 
stricta. Scirpus acutus and~. paludosus habitats. Weekly water samples 
were taken at each station by means of a steel sampler. a foot square, 
dropped into the water to confine the organisms. Five quarts, or less, 
of water were removed, depending on the water level. by means of a 
hand pump. The water was then strained through a No. 20 mesh screen. 
The larger organisms were counted while being removed from the rest of 
the sample with forceps. The smaller invertebrates were counted by 
the method employed by the Bear River Research Laboratory personnel en-
gaged in botulism work. This consisted of placing the rest of the 
organisms in 10 milliliters of water. One milliliter of this was re-
moved during agitation of the sample and placed on a Sedgwick-Rafter 
type milliliter volume counting cell. The organisms therein were 
identified and counted; this number was then multiplied by ten for an 
estimate of the total number of each kind of invertebrate in the entire 
sample. Each separate organism was counted in samples that contained 
low numbers. Welch (1948) and Usinger (1956) proved most helpful for 
information relating to sampling and processing water samples. 
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Figure 2. study plot in Unit 2a showing the location of invertebrate 
sampling stations in the various habitat types 
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Terrestrial organisms 
Net sweep samples. Nine net sweep transects were established in 
the study plot on a restricted randomized design so that Distichlis 
stricta, Scirpus acutus and 2. galudosus habitats each contained three 
transects. Twenty net sweeps were taken in each transect with a 
15-inch sweep net. Net sweeps were about 6 feet in length and com-
bined to form a series of figure eights which enabled the sampling 
of vegetation as plant density permitted. Captured invertebrates were 
killed in a cyanide jar and then placed in petri dishes for identifica-
tion and counting. Peterson (1959) was used as a guide in the general 
use of insect nets for mieeping vegetation to capture insects. 
Sticky board trap samples. Sticky board traps were used to 
sample distribution levels of flying insects. Each board measured 
6 b.Y 30 inches and was marked into 6-inch levels. Two stations were 
established over open water and in Distichlis stricta. Scirpus acutus 
and 2. paludosus habitats on a restricted randomized design. A thin 
layer of adhesive, trade name "Stickum." was applied evenly on both 
sides of the yellow plywood boards by means of a roller applicator. 
The traps were then placed in a cardboard container to eliminate pre-
mature capture of insects until placement at the station. Each station 
consisted of a steel fence post driven into the marsh bed at a randomly 
located point. Each trap was attached by means of a wire loop hung over 
a cross piece and faced either north and south or east and west so that 
the four cardinal points of the compass were sampled in each habitat 
from 9:30 a.m. to 3:30 p.m. each sampling day, one day a week. After 
removal from the station the used traps were placed into the carrying 
box again and brought into the laboratory for the identifYing and counting 
of insects. Each 6-inch level was treated separate~ so the numbers 
of each kind of insect could be determined for each level. 
Ground trap samples. Two ground traps consisting of two 3 by 6 
16 
inch cans were placed so the lip of the containers were flush with the 
ground surface within the Distichlis stricta habitat, the only high ground 
available in the study plot at the beginning of the season. Each trap 
was baited with a teaspoon of honey placed in a small cheesecloth-
covered container placed in the bottom on the trap with a guard screen 
resting on and above the bait. A cover was then positioned over the 
entire trap on two cross wires holding it about 2 inches from the top 
of the trap. After a day and a half each week the contents of the 
traps were removed, killed in a cyanide jar, identified and counted. 
Peterson (1959) was consulted for ideas in constructing suitable ground 
traps and for their proper placement insuring efficient capture of 
ground crawling invertebrates. 
Sampling for Vegetation Availability 
Aquatic plants 
Plant phenology, abundance and production of plant parts were 
studied in three areas where most of the mallard ducklings were collected. 
Transects, about 264 feet apart, were located in one-half mile strips 
along the dike roads and extended into the open water in the north part 
of Unit 2, beginning one-half mile east of the northeast corner; one 
mile east from the south gate on Unit 3; and north from the southeast 
corner of Unit 5. 
A stainless steel sampler, 6 by 6 inches square and 1 foot high, 
was dropped to enclose the aquatic vegetation at each sampling point 
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at approximately JO. 60 and 90 yards out from the dike shore. Vegetation 
was severed at the point of contact between the sampler and mud. The 
sampler was then pressed into the lake bottom to a depth of about 6 
inches. the plug was removed and screened through a No. 10 mesh screen. 
The plant material was placed in moist paper wrappers until it was 
sorted, air dried and weighed. Seeds and tubers ,{ere counted and the 
number per gram weight of plant material was estimated. 
Weekly observations were made on the development of aquatic vege-
tation most ahmdant in the diet of the mallard ducklings collected. 
Emergent plants 
The width of the stands of Scirpus acutus, if present, was measured 
in each transect of the one-half mile strips of dikes mentioned above. 
Weekly observations determined phenology. Stems of 2. acutus were cut 
at water level in ten plots, one foot square, along the dike in the 
Unit J site. The point of impact of a 4-foot strip of lathing, thrown 
over the shoulder from the dike roadway, at a randan stop, marked the 
location of each plot. The plants of each sample were counted, air dried 
and weighed. The average number of seeds per spikelet and spikelets 
per plant were calculated for estimating seed production. 
Collecting Ducklings and Food Habit Determination 
Mallard ducklings were collected by shotgun on various parts of 
the refuge, primarily from open water and borrow ditches adjacent the 
dikes where the majority of broods were found. Contents of the esophogus, 
proventriculus and gizzard were removed as soon after death as possible 
and were placed in alcohol until examination of contents oould be made. 
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Notes on age, weight, sex, date, hour and location of kill were recorded 
on standard Fish and Wildlife Service food habit cards with the numbers 
of each food item found in the sample listed for each bird. The data 
were treated by age groups of ducklings to show the per cent of each item 
consumed. Age classification followed the system of Gollop and Harshall 
(1954): Class La (1-6 days old), Class Ib (7-12 days), Class Ic (13-18 
days), Class IIa (19-25 days), Class l Ib (26-35 days), Class IIc (J6-45 
days), Class III (46-55 days) and Flying (52-60 days). 
Observations were made on the feeding activities of wild mallard 
broods, primarily from the dike road. A blind was used for brood 
observations and the taking of photographs near mallard nest sites. 
Incubator-hatched ducklings, the eggs collected from mallard nests, were 
used for feeding experiments. 
Food items from the gullet-gizzard samples were identified by 
comparison with identified specimens in a reference collection consisting 
of invertebrates and plant parts taken from samples in the food avail-
ability studies. 
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RESULTS AND DISCUSSION 
Food Availability 
Estimates of the general relative abundance of the more numerous 
organisms. made by the methods previously discussed. are presented in 
the following text as the per cent of total numbers sampled for May. 
June and July. 1960. The standard error of the mean number of these 
organisms sampled each week in the habitats of the study plot indicate 
the variability involved (Appendix Tables 28-41). 
Data ~howed that organisms exhibited low to high degrees of vari-
ability which corresponded to the habitat where samples were taken. 
Such was the case for important duckling foods. For Tendipedidae adults 
the standard error varied as 13. 41 and 56 per cent of the mean in 
Distichlis stricta. Scirpus paludosus and 2. acutus. respectively. in 
net sweep samples. In water samples for Tendipedidae larvae the 
standard error varied as 28. J4. J4. 35 and 64 per cent of the mean in 
open water. Q. stricta. 2. acutus. ~. paludosus and the borrow ditch 
habitats. respectively. Also. for Corixidae the star¥iard error varied 
as 15. 18. 65. 74 to 97 per cent of the mean in open water. 2. acutu5. 
D. stricta. borrow ditch and S. paludosus. respectively. Such variation 
indicated degrees of natural population fluctuations and the distribu-
tion of organisms in particular habitats. Various factors which may 
have caused variability in sampling the different types of organisms 
will be discussed in the appropriate sections. 
The estimation of the relative abundance of plant species was 
conducted in areas where most of the mallard broods were collected. 
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Potamogeton pect1natUB. the most abundant aquatic plant. showed little 
variability between samples as compared to the species of lesser abundance 
which showed high degrees of variability (Appendix Table 42). 
Terrestrial organiSl1ls 
The heterogeneity of insect distribution was recognized by DeLong 
(1932), Grey and Tre10r (1933), Beall (1935), Romney (1945), Whittaker 
(1952) and others. other sources of variation in insect numbers between 
samples may be attributed to various factors. Temperature and wind 
velocity .ffect the proportion of insects captured in net sweeps more 
than humidity. plant size, plant density, the operator's route with 
relation to the wind and the shadow cast by the operator (DeLong, 1932). 
Rommey (1945) also recognized the influence of wind and temperature 
on terrestrial o~ganisms and further indicated that time of day, humidity, 
nebulosity, plant density and plant height from 6 to 12 inches were not 
major factors. Therefore, many diversified factors may possib~ in-
fluence insect numbers and data should be viewed with such factors in 
mind. 
FlYing and plant clinging organisms. Out of the 40 kinds of 
organisms sampled qy net sweeps throughout the season, in habitats of 
the study plot, 10 appeared to danimte the population of flying and 
plant clinging forms: Tendipedidae (midge) adults, Phloeothripidae 
(thrips). Araneae (spiders), Drosophi1idae (vinegar gnats), Cicade11idae 
(leafhoppers). Do1icopodidae (long-legged flies). aydracarina (mites). 
Ephydridae (ephydrids), M1ridae (plant bugs) and Coccinellidae (lady 
bird beetles) in that approximate order. Tendipedidae adults were 
daninant in all three habitats. Phloeothripidea ranked second in 
Distichlis stricta, but Araneae, third place in this habitat, ranked 
second in Scirpus paludosus and ~. acutus (Table 1, Appendix Tables 
28-30) • 
Table 1. Per cent abundance of dominant flying and plant clinging 
fauna for May, June and July, 1960, on study plot in Unit 
2a on the Bear River Migratory Bird Refuge, utah, in 780 
net sweep samples in each habitat 
Habitat type 
Distichlis Scirpus Scir'Pus 
Organism stricta paludosus acutus 
% % ~ 
Tendipedidae 42.4 63.8 63.7 
Phloeothripidae 27.9 3.1 6.4 
Araneae 5.6 8.1 8.3 
Drosophilidae 5.2 4.2 2.4 
Cicadellidae 4.5 .9 2.4 
Do1icopodidae 1.1 3.9 2.5 
Hydracarina 4.8 .5 .4 
Ephydridae 2.0 2.8 2.9 
!-1iridae 1.7 1.8 2.9 
Coccinel1idae .5 2.5 1.3 
other 30 2.5 8,4 6.8 
100.0 100.0 100.0 
Tendipedidae comprised almost three-fourths of the invertebrate 
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population of flying and plant clinging organisms in May in the Distich-
lis stricta habitat. Ph1oeothripidae were dominant in June when Tendip-
edidae were one-third of the population. Phloeothripidae still pre-
dominated in July and Tendipedidae remained second in relative abundance 
(Table 2). 
Table 2. Relative abundance of fiying and plant clinging fauna 
dominant each month in the Distichlis stricta habitat 
of the study plot 
Ma;y June July 
% ~ 
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% 
Tendipedidae 72.4 Phloeotbripidae 40.3 Phloeothripidae 36.6 
Hydracarina 11.4 Tendipedidae 33.8 Tendipedidae 31.1 
Araneae 3.3 Drosophilidae 5.9 Araneae 8.3 
others 12·2 others 20.0 others 24.0 
100.0 100.0 100.0 
Tendipedidae formed over three-fourths of the population in the 
Scirpus paludosus habitat during May but only about one-third in June. 
Araneae ranked second in June but became dominant in July when Tendipedi-
dae ranked second although both organisms were about equally abundant 
(Table 3). 
Table 3. Relative abundance of flying and plant clinging fauna 
dominant each month in the Scirpus pa1udosus habitat of 
the study plot 
Hay June July 
% j % 
Tendipedidae 78.7 Tendipedidae 36.8 Araneae 23.6 
Drosophllidae 3.2 Araneae 16.7 Tendipedid.ae 22.3 
Araneae 2.9 Coccine11idae 6.8 Drosophllidae 11.3 
others 1~.2 others J21Z others 42.8 
100.0 100.0 100.0 
Tendipedidae dominated the flying and plant clinging organisms of 
the Scirpus acutus habitat during Hay and June. Phloeothripidae and 
Araneae ranked an alJnost equal second the Tendipedidae in June. 
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Araneae dominated in July when Ephydridae ranked second and Phloeothripi-
dae third (Table 4). 
Table 4. Relative abuMance of flying and plant clinging fauna domi-
nant each month in the Scirpus acutus habitat of the study 
plot 
May June July 
J ~ % 
Tendipedidae 84.8 Tendipedidae 26.5 Araneae 35.4 
Drosophilidae 2.8 Phloeothripidae 17.1 Ephydridae 11.5 
Phloeothripidae 2.7 Araneae 15.1 Phloeothripidae 9.1 
others 2. 8 others 41 sJ others 44.0 
100.0 100.0 100.0 
or the 10 most prevalent invertebrates out of the 40 kinds that 
were sampled for all habitats of the study plot, Tendipedidae formed 
the major portion of the flying and plant clinging forms. The abundance 
and relatively high accessibility of Tendipedidae apparently influenced 
the dow.qy young ducklings to consume this food in excess of other 
terrestrial forms available on the marsh. 
Net sweeps to derive these data were taken under increased tempera-
tures each month as the season progressed from May to July. and under 
favorable wind conditions. Sweeps taken in the low growing Distiohlis 
striCti included the sampling of more space above the vegetation than 
sweeps taken in t~ waist high Scirpus paludosus and head high ~. acutus. 
All three stands contained the unavoidable matted plant debris from the 
previous season's growth. This prevented sweeping near the ground or 
water surface as did the density and rigidity of stems of the present 
season's growth. Thus most invertebrates were sampled from the upper 
plant portions; the amount of which was regulated b.Y increasing plant 
height as the season progressed. 
In testing several methods Fenton and Howell (1957) concluded that 
net sweeps were the best means for sampling and determining seasonal 
relative abundance of insects and for collecting the largest number of 
winged and active species. Also, the effects of wind and temperature 
on the nUJllbers of insects collected were found extremely difficult to 
determine because of the natural weekly variations in abundance of the 
various species occurring at different times throughout the season. 
An analysis of variance was computed for the number of invertebrates 
sampled in Distichlis stricta, the results of which appeared indicative 
of data from the other habitats sampled_ Natural fluctuation and 
heterogeneity was great enough between transects that any estimates 
of a particular organism would vary significantly between the replica-
tions taken in different parts of the same stand of vegetation. The 
data showed that (1) the abundance of any particular kind of organism 
varied significantly from the others present, (2) invertebrate abundance 
varied significantly between time periods, and ()) significant differences 
also occurred between kinds of organisms with respect to time periods 
(Appendix Table 56). 
Vertical distribution and abundance of f1.ying insects. Sticky boards 
were used primarily to determine the distribution of flying insects 
above the ground or mud surface and in stands of emergent vegetation. 
In Distichlis stricta, Scirpus acutus, and 2- paludosus the majority of 
insects were captured on a level corresponding with the upper plant 
portions. Abundance of insects in levels approaching the base of the 
plants progressively decreased. Conversely. concentrations of insects 
decreased with increased height over open water and mud where the 
majority of individuals were trapped 0 to 6 inches above the surface 
(Figure 3, Appendix Table 31). 
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DaYs on which sticky board traps were used to determine flying 
insect distribution were calm. Average wind velocity on the sampling 
days ranged from 1.2 to 4.6 miles per hour. The average wind velocity 
for all 13 days was 2.6 miles per hour. The effect of the wind in 
insect movement, particularly Tendipedidae, was apparently minimal 
assuming that wind velocity was about the same during the 5-hour 
sampling period as it was throughout the day. Attraction and deliberate 
alighting were assumed to have resulted in the capture of active fliers 
on the sticky surfaces at the height at which they were traveling through 
or over the habitats. The number of insects captured at each level of 
the traps then would be indicative of the relative abundance of the 
population active in that level of the habitat being sampled. 
Six insects appeared to dominate the flying insect population 
in the habitats sampled. Tendipedidae were the most abundant throughout 
the season with Ephydridae, Dolicopodidae, Chalcidae and Ortalidae rank-
ing less, in that order. Next to Tendipedidae, over open water Dolico-
podidae. Ephydridae and Ortalidae were second, third and fourth in 
relative abundance. respectively. Ortalidae were relatively scarce in 
all the habitats. Ephydridae were second in abundance and Chalcidae 
third in both Distichlis stricta and Sciryus palusosus. Ephydridae, 
Dolicopodidae and Chalcidae were about equally abundant in~. acutus 
(Table 5. Appendix Tables 32-36). 
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Table 5. Per cent abundance of dominant flying insect fauna for May. 
June and July 1960 on the study plot in Unit 2a of the Bear 
River Refuge as determined by 48 sticky board samples in 
each habitat sampled 
Organism 
Tendipedidae 
Dolicopodidae 
Ephydridae 
Chalcidae 
Ortalidae 
other 26 
<4>en 
water 
% 
77.9 
7.8 
6.8 
1.9 
~:6 
100.0 
Habitat type 
Distichlis Scirpus Scirous 
stricta paludosus acutuB 
% % % 
83.9 79.8 61.9 
.7 2.7 4.4 
10.4 8.1 5.5 
2.6 4.4 4.6 
.2 1.7 
2,2 5,0 21:2 
100.0 100.0 100.0 
Freeman (1945) felt that biological factors, including size, habits 
and life history, plus meteorological factors, including climate and 
weather, all affected the kinds. numbers and activities of insects in 
the air. He also stated that low temperatures with winds and storms 
were poor conditions for insect flight but that low velocity winds 
transported large numbers of insects. 
Johnson (1950) felt that the density of insects in the air usually 
Varied inversely to the speed of the wind. If the amount of air sampled 
by a sticky surface was assumed to be directly proportional to the 
~peed of the wind past it, error would occur in evaluating the density 
and proportions of insect species because of the wind variability, 
involving the total amount passing the trap or the mean wind speed. 
He also felt that lower wind speeds allowed the capture of more insects 
because of deliberate alighting; sticky traps gave the highest density 
estimates in wind below 5 miles per hour to insects one-quarter of an 
inch or larger, because of increased impaction or the habit of 
alighting. 
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Schreider (1953) showed that insect flight can be active rather 
than passive, and Broadbent (1946) claimed that much movement of small 
flying insects can occur even on windy days amongst and just above 
vegetation. Broadbent (1948) found that as foliage increased in height 
and density as the season progressed numbers of insects caught on the 
lower traps decreased and were proportional in number to the volume of 
free air space around the trap; with the added shelter and wind eddies 
at ground level likely preventing catches having a direct relation to 
wind speed and direction. Shands et al. (1956) felt that less numbers 
of insects found near the bottom of sticky screens was part~ due to 
less movement caused by the impediment to flight, wind eddies and 
wind shelter given by nearby vegetation. 
The overall abundance of flying insects captured on sticky board 
traps decreased as the season progressed. The greatest decline occur-
red between May and June Which was about double the decrease found be-
tween June and July. This general population trend was present in each 
habitat type for the three month sampling season (Figure 4, Appendix 
Tables 32-35}. 
Ground crawling organisms. Ground traps sampled those invertebrates 
which were attracted to the aroma of the honey bait and individuals 
which accidentally fell into the traps. The only high ground area in 
the study site was a strip in the Distichlis strieta habitat and it was 
here the ground crawlers were sampled. 
MYrroicinae were the most abundant invertebrate in May, June and 
July. Silphidae ranked second throughout the same period but increased 
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Figure 4. - Fluctuations of flying insect numbers during the 1960 season in 
the study plot of Unit 2a as collected by sticky board traps in 
four habitat types for five hours each week during May. June. and 
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\ . 
30 
in abundance somewhat as Hyrmicinae decreased (Table 6, Appendix 
Table 36). 
Table 6. Relative abundance of ground crawling fauna dominant in May, 
June and Ju~, 1960, in the Distichlis stricta habitat of the 
study plot on the Bear River Higratory Bird Refuge as de-
termined by 26 ground trap samples 
Organism 
Hynnicinae 
Silphidae 
other 9 
May 
% 
94.8 
1.2 
4.0 
100.0 
June July 
% % 
89.1 78.8 
8.3 21.1 
2.6 ,1 
100.0 100.0 
Observations taken along the dike shores indicated a dominance of 
~~icinae and Araneae among the rocks and plant debris. Mud which 
was exposed by receding water levels supported an abundance of mud 
dwelling Helophorinae along the sides of drying borrow ditches, canals 
and island shores. 
Aquatic organisms 
Welch (1935), Rutner (1953) and others discussed various physical 
and chemical factors which may influence aquatiC organisms. Receding 
water levels on the refuge caused by excessive temperatures and wind 
action obliterated increasingly more aquatiC habitat and organisms 
therein as the season progressed. At the onset of sampling in May about 
7 inches of water covered the open water area of the study plot but by 
the end of June this area was dry. The increased concentrations of 
salts, turbidity, decreasing oxygen supply, changes in hydrogen-ion 
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concentration, direct effects of heat and light and water movement br 
wind influenced the activity, distribution and numbers of organisms to 
an unknown degree which could have in turn caused same of the vari-
ability between water samples. 
Out of the 25 kinds of organisms sampled throughout the season 
in all five habitats of the study plot eight appeared to dominate 
the population: Cladocera (water fleas), Corixidae (water boatmen), 
Copepoda (copepods), Ostracoda (seed shrimps), Cladocera ephippia 
(resting stage of water fleas ) , Tendipedidae , larvae, Oligochaeta 
(aquatic earthworms) and Gastropoda (snails), in that order. Throughout 
the season Cladocera predominated in the open water, Distichlis stricta 
and Scirpus paludosus habitats. Corixidae were dominant in~. acutus 
and Copepoda dominated the borrow ditch. Second in relative abundance 
were Corixidae in open water, ephippia of Cladocera in D. stricta, 
Cladocera in the borrow ditch, Copepoda in 2. paludosus and Cladocera 
in~. acutus (Table 7, Appendix Tables 37-41). 
Table 7. Per cent abundance of dominant aquatic faUna for May, June 
and July, 1960, on study plot and canparable stations in Unit 
2a of the Bear River Migratory Bird Refuge, utah, in 65 water 
samples in each habitat sampled 
Habitat t;y:pe 
Borrow Open Distichlis Scirpus SCirPUB 
Organism diCh w~er str~ctaa 12iY:UdO~B a~tuB % % 
Cladooera 36.3 63.6 60.6 60.8 30.5 
Corixidae 2.3 18.0 1.0 7.7 35.3 
Copepoda 47.7 3.6 6.3 8.2 3.7 
Ostracoda 5.3 7.3 11.4 5.4 4.9 
Cladocera ephippia .7 11. 6 2.1 5.8 
Tendipedidae larvae 2.6 5.4 4.2 3.6 5.5 
Oligochaeta .2 .2 .4 4.6 10.7 
Gastrapoda 1. 9 1.4 4.8 .7 
other 17 J.Z 212 Ji l 2.8 2.2 
100.0 100. 0 100.0 100.0 100.0 
aData available for May only 
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Cladocera. with Copeopoda ranking second, were dominant in the borrow 
ditch habitat during May. Copepoda increased to three-fourths of the 
population in June and almost the entire population in July (Table 8). 
Table 8. Relative abundance of aquatic fauna dominant each month in 
the borrow ditch habitat of the study plot 
May June July 
% % % 
Cladocera 46.2 Copepoda 75.4 Copepoda 97.6 
Copeopoda 35.3 Hydracarina 7.9 Corixidae ~1.3 
Ostracoda 6.7 Tendipedidae 4.4 Tendipedidae .5 
others 11.8 others 
--1b1 others 1 6 
100.0 100.0 100.0 
Cladocera comprised over two-thirds of the aquatic organisms in the 
open water habitat during May. Corixidae increased in June to equal 
the abundance of Cladocera while Tendipedidae larvae increased to half 
as much. Corixidae formed three-fourths of the population in July while 
Cladocera ranked second (Table 9). 
Table 9. Relative abundance of aquatic fauna dominant each month in the 
open water habitat of the study plot 
May June July 
~ % % 
Cladocera 69.6 Corixidae 32.9 Corixidae 73.1 
Corixidae 11.9 Cladocera 32.6 C1adocera 16.7 
Ostracoda 8.3 Tendipedidae 16.6 Copepoda 4.6 
others 10.2 others 
.J:L.2. others ,2.6 
100.0 100.0 100.0 
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~ater was present in the Distichlis stricta habitat of the study 
site during May only. Cladocera dominated the population. Ephippia of 
Cladocera and Ostracoda both ranked about an equal second (Table 10). 
Table 10. Relative abundance of aquatic fauna dominant each month 
in the Distichlis stricta habitat of the study plot 
May 
Cladocera 
Cladocera ephippia 
Ostracoda 
others 
% 
60.6 
11.6 
11.4 
16.4 
100.0 
June 
D 
R 
Y 
July 
D 
R 
Y 
Cladocera dominated the aquatic invertebrate population of the 
" 
Scirpus paludosus habitat during all three months. Copepoda ranked 
second in May. rut Corixidae did so during June and July (Table 11). 
Table 11. Relative arundance of aquatic fauna dominant each month 
in the Scirpus paludosus habitat of the study plot 
May June July 
% % % 
Cladocera 58.5 Cladocera 66.6 Cladocera 65.3 
Copepoda 9.2 Corixidae 12.4 Corixidae 26.0 
Ostracoda 6.5 Copepoda 8.6 Amphipoda 2.4 
others 22. 8 others 12,4 others ~ 
100.0 100.0 100.0 
Cladocera were dominant in the Scirpus acutus habitat in May only. 
Corixidae ranked first in June and July when Cladocera ranked second 
(Table 12). 
Table 12. Relative abundance of aquatic fauna dominant each month in the 
Scirous acutus habitat of the study plot 
May June July 
% % % 
Cladocera 36.7 Corixidae 77.5 Corix1dae 82.2 
Corixidae 19.4 Cladocera 11.1 Cladocera 14.6 
Oligochaeta 14.4 Tendipedidae 7.3 Hydra carina 2.4 
others 29.5 others 4.1 others .8 
100.0 100.0 100.0 
Of the eight most prevalent invertebrates out of the 25 kinds 
sampled for all habitats of the study plot Cladocera formed the major 
portion of the aquatic invertebrate population. Yet Cladocera did 
not occur abundantly in the aquatic invertebrate portion of any of the 
ducklings' diet as did Tendipedidae larvae, Corixidae and Corixidae 
eggs. Hence, abundance of a food in the habitat did not seem to regu-
late consumption of a particular food item by ducklings. Rather, 
accessibility of a food to ducklings, within limits of abundance, seemed 
to regulate the amount of a selected food in the diet of birds of a given 
age. 
The difficulty in sampling invertebrate populations is best appreci-
ated by those confronted with the problem in their own research. New 
measurement techniques or modifications of older methods may have to be 
formulated in order to obtain the type of information desired. Most 
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difficult perhaps is to be faced with the realization that generally it 
will be highly impractical to try and collect enough data in a way to 
acquire a desired degree of statistical accuracy. As Usinger (1956, 
p. 53) remarked: 
One of the greatest needs in aquatic biology today is im-
proved methods for sampling populations of insects. All 
existing techniques are inadequate or impractical for pur-
poses of statistical analysis but in spite of obvious 
shortcattings, they are the best we have. 
Much of the variability found between samples exists because of the 
lack of homogeneity in the distribution of organisms as Grey and Trelor 
(1933) and others have shown existed for invertebrate populations. This 
heterogeneity factor probably does more to render the acquisition of 
statistically sound data impractical for a particular level of sampling 
accuracy than any other. The contention of Ranney (1945. p. 145) is 
well based that, "Variation encountered between net samples should not 
be considered entirely as sample error, but rather as representing 
distribution or heterogeneity of the population." 
Furthermore, to evaluate a sampling device is a problem in itself. 
Johnson (1950, p. 269) stated, 
To access the efficiency of a trap is a difficult matter be-
cause there is no standard for calibration; for no trap is 
known which will extract all the insects, or even a known pro-
portion of the total, from a given volume of air. 
Regardless of such drawbaCks, data from sampling methods with which 
a practical number of samples are taken must suffice at present to give 
• an indication of general invertebrate population trends. 
Vegetation 
Phenology. Weekly observations were made in 1961 on the three plant 
species most important to mallard ducklings on the refuge. Scirpus acutus 
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was flowering b.Y May 29. ~ June 10 seeds were noted in the spikelets. 
Seed maturity and seed drop from the spikelets occurred late in the 
season. Potamogeton pectinatus was flowering b,y June 10 and seeds had 
already formed on the earlier maturing plants. Flowering was about over 
b,y June 20 and matured seeds. detached from plants and floating free on 
the water. were observed on June 28. Zannichellia palustris had visible 
seeds as early as May 22 which appeared well developed by June 8. 
Abundance and production. Environmental factors such as the chemical 
properties of the water, physical quality and fertility of the bOttOM, 
fluctuating water levels and the destruction of vegetation b,y carp as 
proposed b,y Moyle and Hotchkiss (1945) and others influenced plant 
distribution. abundance and production to an unknown degree. 
The Unit 2 study site was devoid of Scirpus acutu8 along the dike 
shore. Potamogeton pectinatus formed 20.6 per cent of the aquatic 
vegetation. Zannichellia palustris formed 25.7 per cent of the vege-
tation; the best crop of this species produced in any of the three sites 
(Table 13. Appendix Table 42). 
Table 13. Per cent abundance of two important aquatic plant species in 
three sampling areas on the Bear River Migratory Bird Refuge 
as determined b.Y air-dry weight of thirty 36-square-inch 
samples taken in each site 
Plant species 
Potamogeton pectinatus 
Zannichellia palustris 
others 
Unit 2 
% 
20.6 
25.7 
~ 
100.0 
Unit 3 Unit 5 
% % 
93.2 89.1 
1.1 
5.2 10.2 
100.0 100.0 
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An average of 624 seeds were counted per gram of Zannichellia 
palustris vegetation. fotamogeton pectinatus, in areas where seeds were 
produced, averaged about 22 seeds and Scirpus acutus 115 seeds per gram 
of vegetation, respectively (Table 14). 
Table 14. tfumber of seeds and tubers per gram, air-dry weight, of three 
important plant species 
Plant species 
Potamogeton pectinatus 
Zannichellia palustris 
Scirpus acutus 
aNot measured 
Average No. seeds 
per gram 
of vegetation 
22.3 
624.0 
114.9 
Average No. tubers 
per gram 
of vegetation 
0.8 
a 
On the Unit 2 site about 1. 8 grams of Zannichellia palustris was 
present per square foot of bottom mud. About 1,123 seeds were produced 
for the same unit area. Potamoeeton pectinatus occurred at a rate of 1.4 
grams of plant material per square foot of mud but seed production was 
practically nil because receding water levels prevented plant maturity. 
although some tubers were present (Table 15). 
Table 15. Production of three important plant species in three study 
sites on the Bear River ?-1igratory Bird Refuge, Utah 
Grams vegetation Number of seeds 
l~r sguare foot per sguare foot Plant species Unit ~3 45 *2 J3 *5 .. 
Potamogeton Qectipatus 1.4 17.0 15.6 377.8 348.8 
Zannichellia palustris 1. 8 .2 1123. 124.8 
Scirpus acutus 86.4 a 9929.4 a 
a Not mea sured ; assumed to be Similar to Unit 3 figures 
Factors influencing food availability 
Season and weather conditions. Within their geographical range vari-
ous food plants and animals are influenced with regard to their avail-
ability by the season of the year. Invertebrates t particularly terrestrial 
forms t were most abundant in Mayor earlier on the refuge but decreased 
as the season progressed, conversely, plants and plant parts became more 
available. With regard to the weather conditions Peterson (1959) stated 
that insects, having b~ temperatures dependent on the surrounding air, 
are completely inactive at .50 degrees F. Some individuals may start to 
fly at 60 degrees. Greatest activity occurs at 70 to 90 degrees. Ex-
cessive temperatures, particularly those above 95 degrees reduce flight 
activity whereby shelter may be sought on the under side of foliage or 
in cool shady places. The response for shelter is similar in the event 
of rain. He also stated that winds above 10 to 15 miles per hour con-
fine inseets to resting places. 
Water levels. Wind and temperature influenced water levels above 
and beyond the effect that decreased river flow into the refuge had on 
the water levels of the refuge lakes. Wind forced water from the shallow 
lake areas onto the higher ground where it was absorbed and held or 
evaporated. Evaporation on the refuge may amount to approximately one-
third of an inch of water per day during the summer months according to 
Yanez T. Wilson, refuge manager. Resultant receding water levels de-
creased aquatic habitat and its inhabitants. Remaining water became more 
saline and depleted in oxygen because of excessive water temperatures. 
As water levels decreased certain organisms were made more accessible 
for a time to the younger ducklings. Helophorinae frequented the drier 
exposed mud areas and then were easily acquired b,y those ducklings led 
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into these areas to feed. Tendipedidae larvae were most accessible in 
saturated mud recently exposed by wind and evaporation. These larvae 
were also made accessible to the younger ducklings, not utilizing adult 
feeding habits, in the extremely shallow water of the lakes and borrow 
ditches as were Corixidae (Figure 5). 
Habitat. Different habitats produced and were inhabited by various 
kinds and amounts of organisms. The open water areas of the lakes 
generally produced a dense stand of Potamogeton pecttnatus (Figure 6) and 
other submersed aquatics each of which could be expected to furnish 
foods of various kinds and amounts. Much of the borrow ditch habitat 
fram which ducklings were collected were practically devoid of vegetation 
and could not support similar invertebrate populations as the more densely 
vegetated areas. 
Organisms were generally more accessible to ducklings on the vege-
tation with shorter growth characteristics. Insects tended to inhabit 
the higher plant levels as revealed by data fram sticky board traps. 
Previous season's seed crop. Seeds of both submersed and emergent 
vegetation were apparently chiefly available to most of the flightless 
mallard juveniles fram the previous season's seed crop. Fresh seeds taken 
by the younger ducklings consisted mainly of the early maturing Zanni-
chellia palustris. Subsequently Potamogeton pectinatus seeds became most 
available to the older ducklings. Scirpus acutus (Figure 7), particularly, 
produced seeds which were not available to most flightless juvenile 
mallards because seeds did not fall fram the spikelets until late summer 
or fall. 
Conspicuousness. A food item may be present in quantity but its 
acquisition may be limited. The combination of size, coloration, 
Figure 5. Drying borrow ditch provided Myrmicinae on the banks, Helo-
phorinae on the drier mud near shore, Tendipedidae larvae in 
the saturated mud,and free swimming Corixidae in the remain-
water 
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Figure 6. Potamogeton pectinatus in open water provided many food 
organisms including Corixidae eggs attached to the floating 
leaves. 
Figure 7. Scirpus acutus stands furnished important seed food plus 
valuable nesting and brood rearing cover. 
transparency, and movement may have determined the degree of access a 
kind of food had to the feeding ducklings. Invertebrates such as Clado-
cera and Copepoda, though abundant, were not taken readi~ as food, 
probably because of their relative inconspicuousness. Conversely, 
Corixidae and Tendipedidae larvae, though apparently less abundant, were 
more important as food because of greater conspicuousness making them 
more accessible to ducklings. 
Selective Food Utilization 
Although many kinds of organisms were present in the various marsh 
habitats few of these ranked high in relative abundance and fewer still 
occurred abundantly in the diet of mallard ducklings. That the young 
mallards selectively utilized these available foods seems quite evident. 
Juveniles of various ages feeding in the same area at the same time 
tended to feed on the type and proportions of the food items most 
characteristic of their respective age classes regardless of the fact 
that the other foods were present. Keith (1961) found that Class II and 
Class III ducklings of several surface feeding species, including mallards, 
consumed less soft organic and animal matter than the Class I ducklings 
though much animal food was available to all. 
Juvenile waterfowl, in general, have a diet which is different 
than that of the adults. That the younger juvenile ducklings tend to 
consume animal food was shown qy Cottam (1939), Munro (1939b, 1941, 1942, 
1944, 1949a, 1949b) , }lendall (1949, 1953), Dementiev and Gladkov (1952), 
Beard (1953), Coulter (1957), Keith (1961), Chura (1961a, 1961b, 1961c, 
1961d) and others. Th~t adult waterfowl feed primarily on plant foods 
was shown qy Pirnie (1935), ~.artin and Uhler (1939), l-lcAtee (1939), 
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Low and Bellrose (1944), Glazner (1946), Menda11 (1949), Stollberg (1950). 
Yocum (1951), Martin, Zim and Nelson (1951), Keith (1955, 1961) and 
others. Likely the apparent change in diet with increasing age corre-
sponds with changes in the nutrient requirements. Animals appear to have 
the ability to select a nutritionally correct diet (Lepkovsky, 1948, and 
others). Hinde (1960) mentioned that birds have at least scxne abUity 
to select a diet according to nutritional factors. 
Growth of mallard ducklingS 
Sampling. Preliminary iilvestigations in 1959 showed that the 
majority of mallard broods could be found in the open water and borrow 
ditches along the dike roadways. The need for adequate samples and 
the difficulty in acquil1ing birds in the more inaccessible parts of 
the refuge necessitated that samples in 1960 be taken fram these areas. 
Although broods were sought April through July each rearing season, the 
majority of ducklings were taken between mid-May and mid-June (Table 16). 
Table 16. The number of juvenile mallards, by age class, collected 
each week during the 1959a and 1960 rearing season on the 
Bear River Migratory Bird Refuge, Utah 
As;e Class 
Date Ia Ib Ic IIa lIb lIe III &~ 
5/22-5/28 9 5 
5/29-6/4 4 11 
6/5 -6/11 10 1 7 4 
6/12-6/18 (1)7 (2)7 (1) 
6/19-6/25 (1)2 (1)1 
6/26-7/2 (3) 1 3 (1) 
7/3 -7/9 8 (2) 
7/10-7/16 1 1 1 
7/17-7/23 (1) (2) 
a 1959 birds in parentheses 
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~!allard broods were apparently sampled in direct proportion to the 
nwnber produced on the refuge both seasons. About three times as many 
broods were sampled on the refuge in 1960 than in 1959. Refuge census 
reports by Wilson (1959, 1960) also showed a threefold increase in 
mallard production. 
Apparently most of the daily activity of mallard broods observed 
from the dikes centered around stands of Scirpus acutus, the predominant 
emergent along the lake shore aide of the roads. These broods frequented 
the stands and the adjacent open water or vegetation, or the borrow ditch 
on the opposite side of the road from the ~. acutus. Consequently, most 
samples were taken from these areas. 
The majority of the sampled mallard broods hatched during the latter 
part of May (Table 17). 
Table 17. Hatching dates of mallard clutches as determined by backdating 
the age of collected juveniles 
week of 
hatching 
4/12-18 
4/19-25 
4/26-5/2 
5/3 -9 
5/10-16 
5/17-23 
5/24-30 
5/31-6/6 
617 -13 
6/14-20 
6/21-27 
6/28-7/4 
1959 
t..'1nnber of 
broods 
1 
o 
o 
1 
o 
3 
3 
1 
1 
o 
1 
..Q 
11 
Week of 
hatching 
4/10-16 
4/17-23 
4/24-30 
5/1 -7 
5/8 -14 
5/15-21 
5/22-28 
5/29-6/4 
6/5 -11 
6/12-18 
6/19-25 
6/26-7/2 
1960 
Number of 
broods 
o 
5 
2 
1 
2 
7 
5 
5 
3 
o 
o 
...! 
31 
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The earliest and latest hatched broods appeared in mid-April and the 
latter part of June, respectively. If these data were indicative ot the 
rest of the mallard population, then the peak of the hatch corresponded 
with a high abundance of terrestrial type invertebrate foods which were 
so important to the downy young. 
Age and sex-weight relationships. Data on weights were taken from 
juvenile mallards collected for gullet-gizzard contents (Table 18). 
Supplemental data from the records of the research laboratory showed a 
flying juvenile male weighed 1108 grams; 4 adult malee, ranging in 
weight from 956 to 1319 grams averaged 1108 grams per bird. Combined 
information from both sources showed that males increased their weight 
about 31 times and females 26 times in weight from hatching to adulthood. 
A difference in weight between sexes was evident even in the Class 
Ia mallards. I suspect that the inconsistency in the Class Ib mallards. 
where the average weight of females was greater than for males, was 
caused by the majority of the females being taken from slightly older 
broods. In general, the average weight of male birds is higher than 
that of females (Lack, 1954). Bellrose and Hawkins (1947) showed that 
the average weight of mallard drakes was significantly higher than the 
average weight of hens, and that the weight of adult mallards was sig-
nificantly greater than the weight of f~ing juveniles. Balham (1952) 
claimed that the weights and measurements of mallard drakes in New 
Zealand were Significantly greater for males, but females were less 
variablej yet both sexes appeared heavier and more variable than mallards 
of North America. 
Table 18. ~'leight range, mean weight, and standard error for mallard ducklings and adults collected 
during the 1959 and 1960 rearing se~sons on the Bear River Migratory Bird Refuge, Utah 
Age Mean weight ~gramsL ! standard error 
Class Da s ?~ales ~~ales Females Both sexes 
Ia 1-6 . 12 10 30.0- 44.3 ( 13.9) 37.2 1.4 35.4 1.3 36.4 0.9 
Ib 7-12 9 12 63.5- 98.2 ( 34.7) 70.9 2.7 78.9 2.9 75.4 2.2 
Ic 13-18 1 3 . 110. 3-187 . 5 ( 77. 2) 164.5 158.8 25.0 160.2 30.0 
Ira 19-25 4 5 245.5-292.5 ( 47.0) 268.5 4.7 264.1 9.2 266.0 5.3 
lIb 26-35 4 8 302.0-544.4 (242.4) 447.0 39.2 402.8 26.2 417.3· 21. 7 
IIc 36-45 12 7 478 .l~-942. 5 (464.1) 716.8 25.9 623.4 37.0 682.4 23.2 
III 46-55 1 1 586.0-942.0 (356.0) 814.5 586.0 780.8 114.5 
Flying 52-60 3 843.?-907. G ( 64.?) 869.7 19.6 
Adult 6 782.0-966.0 (184.0) 906.8 25.0 
+:-
~ 
Food intake and weight gain. An indication of the amount of food 
consumed for a known gain in body weight was derived from feeding 
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experiments on four captive mallards. The birds were supplied with water 
and food from hatching until 19 days of age when the Class IIa stage was 
reached. When Class Ia the ducklings were fed fresh Tendipedidae adults 
exclusively. Later a mixture of oats, wheat and chick starter mash was 
supplied. The four birds were weighed at the end of each age period and 
the average amount of food consumed by each bird, in each age period, was 
determined. 
lNhen in the Class Ia, Ib and Ic stages the ducklings gained an aver-
age of 32, 50 and 132 grams of body weight, respectively, gaining an 
average of 214 grams for the first 19 days of life. An average of 498 
grams of food was consumed by each bird indicating that they consumed 
almost 2.5 grams of food for each gram gained in body weight (Table 19). 
Table 19. The average increase in weight and amount of food consumed 
by four captive mallard ducklings during the first 19 days 
of life 
Grams of food consumed 
Body weight Tendiped- Grain aM 
Age increase idae mash Total 
Period DaYS in grams (wet wte) (drY wt.) grams 
Ia-Ib 7 32.2 77.6 77.6 
Ib-Ic 7 50.1 71.9 .54.4 126.) 
Ic-IIa 
...2 131.7 121.1 173.2 ~ 
Total 19 214.0 270.6 22:1.6 498.2 
Increase in boqy weight was apparently inconsistent on a da~ 
basis. Johnson (1952) raised four mallards in captivity. Weighing them 
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each day showed a daily average weight increase of I; grams. The birds 
were fed an unlimited amount of wheat, duckweed and pondweed. They 
averaged )4.7 grams at birth and 854.6 grams at the end of 6; days. Daily 
weight gain varied from a low of 2 or ; grams to 20 grams. Losses in 
body weight occurred the first day after hatching, attributed to canplete 
absorption of the yolk material, and when the first body feathers appeared. 
Considering that 1 gram of fresh Tendipedidae is equivalent to about 
;60 individuals my Class Ia mallards consumed about ;,990 insects, or an 
average of 11 grams of Tendipedidae each day. Roughly 8)4 insects were 
consumed for each gram increase in body weight. If' the Class Ia ducklings 
fed continually over a 24-hour period Tendipedidae would be consumed at 
the rate of about 166 per hour or ; per minute. As will" be discussed 
later, ducklings in the wild apparently did not feed with the same intensity 
throughout the day. vfuen feeding activity reached diurnal peaks the rate 
of food consumption was probably much more rapid than the continual 
consumption rate just mentioned in order to compensate for periods of no 
or less feeding activity each day. 
Although no close observations were made of the feeding b,y these 
particular captive birds they appeared to feeq then rest in short alternate 
periods. These birds seemed to retain and digest all the seeds consumed 
as none were observed in the fecal matter during cage cleaning. Captive 
broods varied extensively in the degree of nervousness shown when I 
approached their cage. This obvious difference in disposition may be a 
factor that should be considered when captive birds are being used for 
experimentation. Also, varying degrees of nervousness may be a factor 
in brood survival in the wild. 
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Diet of growing mallard ducklings 
Hajor foods coneumed. or the 45 different food items consumed by 
mallard ducklings of all ages 32 occurred as less than 1 per cent of 
the total diet. The 13 major items forming 95 per cent of the diet can 
be categorized into food types: (1) terrestrial insects. including 
active fliers and ground crawling forms; (2) aquatic inseots; (3) 
emergent plant seeds; _and (4) aquatic plant seeds and tubers (Table 20. 
Appendix Table 43). 
Table 20. Relative abundance of major food items consumed by 94 mallard 
ducklings collected in 1959 and 1960 on the Bear River 
Migratory Bird Refuge 
Item 
FAUNA 
Terrestrial 
Flying insect s s 
Tendipedidae 
Dolicopodidae 
Ground crawlersz 
Helophorinae 
l-1yrmicinae 
Heteroceridae 
Aquatic 
FLORA 
Tendipedidae larvae 
Cor1x1dae eggs 
Corixidae 
Emergent 
Scirpus acutus seeds 
Scirpus species seeds 
Aquatic 
Zannichellia palustris seeds 
potamogeton pectinatu5 seeds 
Potamogeton pectinatus tubers 
other 32 items occurring as less than l~ of diet 
Per cent of 
diet 
20.33 
1.96 
7.81 
2.19 
1.25 
10.03 
4.39 
4.30 
13.20 
3.16 
12.69 
12.34 
1.02 
5.33 
100.00 
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The major foods consumed by juvenile mallards varied in abundance 
according to age. 
the birds matured. 
In general the amount of fauna consumed decreased as 
Changes in the amount of specific food items con-
sumed was evident from one age class to another (Table 21. Appendix 
Tables 44-51). 
Pattern of diet Change with growth. Examination of the above data 
showed that Class Ia mallards consumed animal food almost exclusively. 
Proportionately less animal and more plant foods were taken as the birds 
matured. The fauna consumed amounted to 90 per cent of the diet in the 
Class Ib birds and 75 per cent in Ic. The quantity of flora. mainly 
seeds. increased as fauna decreased in the diet. Class IIa mallards 
consumed 51 per cent flora and 49 per cent fauna. but the animal foods 
taken were primarily aquatic rather than terrestrial foms. Class lIb's 
continued the pattern of diet change and consumed about 70 per cent 
flora and the IIc' s about 90 per cent. The shift in diet fran fauna to 
flora was complete in Class III mallards where less than 1 per cent 
animal matter appeared in the diet (Figure 8). 
The invertebrates consumed by the Class I mallards were primarily 
terrestrial forms: Tendipedidae. Helophorinae. Myrmicinae. Dolicopodidae 
and Heterocerida~ in that order. Of these. flying Tendipedidae adults 
formed almost two-thirds of the entire diet of Class Ia and Ic mallards. 
The other major flying insect. Dolicopodidae. was fairly abundant only 
in the diet of Class Ia mallards. The remainder of the terrestrial insect 
diet consisted of ground crawling forms. Helophorinae formed approximately 
one-quarter of the entire diet of Class Ib mallards which also included 
Tendipedidae. Heteroceridae and r~icina~ in that order. Myrmicinae were 
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Table 21. Relative abundance of food items consumed by each age class 
of mallard duckling collected during the 1959 and 1960 rearing 
seasons on the Bear River Migratory Bird Refuge, Brigham City, 
Utah 
Item 
CLASS Ia 
FAUNA (97.41) 
Tendipedidae • 
Corixidae eggs. 
Dolieopodidae . 
Helophorinae 
Myrmieinae . 
Corixidae . 
Curculionidae . 
ethers 
FLORA (02.59) 
Distich1is stricta 
others 
CLAGG Ib 
FAUNA (e9.4Q) 
He 10phor inae 
Tendiped idae 
Corixidae eggs. 
Tendipedidae larvae . 
Corixidae 
Heteroceridae . 
Mynnicinae • 
Lygaeidae 
Others 
FLORA (10.51) 
Zannichellia palustris 
Scirous 3'ecies 
Scirpus acutus 
Distiehlis stri cta 
Potamogeton pectinatus 
others 
CLASS Ie 
FAUNA (74 . 69 ) 
Tendipedidae 
Tendipedidae larvae 
t-iyrmicinae 
Others 
FLORA (25.31) 
Potaroogeton pectin~tus 
Scirpus acutus 
others 
Per cent 
of diet 
. 63.75 
P.73 
p.OO 
6. 43 
3.89 
3.20 
1.00 
2.43 
1.03 
1.56 
100.00 
2q .93 
. 13.74 
• 11. 48 
10.77 
7.40 
5.90 
;.11 
2 .... 7 
2.69 
2.p2 
2.67 
1.'14 
1.52 
1.41 
.15 
100.00 
• 63.48 
5.92 
2.64-
2.65 
14.73 
e.q9 
l)~Q 
10 .OC 
Item 
CLASS IIa 
FLORA (50.60) 
Per cent 
of diet 
Zanniche11ia palustris • 30.40 
Potamogeton pectinatus • 13.58 
Scirpus aeutus • " 2.54 
Scirpus species 2.07 
Potamogeton pectinatus 
(galls) • . • . • 2.01 
others " .04 
FAUNA (49.40) 
Tendipedidae larvae 
Cyprinus carpio fry 
Corixidae 
Tendipedidae 
others 
CLASS rIb 
FLORA (71. 00) 
. . 
41.20 
3.30 
2.07 
1.00 
1.83 
100.00 
Scirpus 3cutus • • 37.62 
Zannichellia pa1ustris • 20.58 
Potamogeton peetinatus • 12.52 
Others .28 
FAUNA (29.00) 
Tendipedidae larvae 
Corixid~e. 
Ditiscidae 
Others 
CLASS lIe 
FLORA (8 q • 36) 
Potamogeton pectinatus 
Scirpus aeutus 
Scircus species • 
Potamogeton peetinatus 
tubers • 
Distichlis strieta • 
Others • 
FAUNA (10.64) 
Tendipedidae larvae 
Taltridae 
Tendipedidae 
ethers 
· · 
· · 
· · 
· . 
· . 
· . 
· . 
· . 
· . 
· . 
12.55 
9.85 
3.92 
21 68 
100.00 
44.25 
23.72 
16.40 
2.74 
1.08 
1.17 
5.71 
1. 35 
1.30 
2.28 
100.00 
Table 21. (cont.) 
Item 
CLASS III 
FLORAL (99.08) 
Scirpus acutus • 
Potamogeton pecti~tus 
Others 
FAUNA (00.92) 
Others 
Per cent 
of diet 
SO.27 
. 18 .12 
.69 
.92 
100.00 
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Item 
Per cent 
of diet 
FLYING 
FLORA (09.92) 
Potamogeton pectinatus 
Scirpus acutus . '. 
Potamogeton oectinatus 
tubers 
Scirpus paludosus . 
~ crispus 
Others 
FAUNA (0('.08) 
Others 
. . 
. . 
70.70 
lJ.04 
3.14 
I~ .45 
2.69 
.00 
.OR 
100.00 
100 
90 
80 
70 
60 
50 
40 
30 
20 
10 
Class: Ia 
Lays: 1-6 
No. birds: 22 
" 
FAUNA 
, 
\ 
TERRESTRIAL AQUATIC 
Ib 
7-12 
Ie 
13-18 
4 
IIa 
19-25 
9 
AGE 
FLORA 
IIb 
26-35 
12 
. -.. .. -
IIe 
36-45 
19 
54 
", 
III Flying 
46-55 52-60 
2 5 
10 
20 
30 
40 
so 
60 
70 
80 
90 
Figure 8. Per cent consumption of fa~~ and flora by juvenile mallards 
showing the selective food uti1izRtion for the various food 
types between age classes 
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consumed in roughly the same amounts by all age categories of the Class I 
mallards, while Heteroceridae were abundant in the diet of Class Ib 
mallards (Table 22). 
A sharp contrast existed in the type of invertebrate foods consumed 
between the Class I and Class II mallards. Class I ducklings consumed 
fran about 59 to 87 per cent terrestrial invertebrates while Class II 
utilized only about 1 to 2 per cent of the same type food. The animal 
foods of Class II mallards consisted primarily of aquatic forme, mainly 
Tendipedidae larvae, Corixidae and Dytiscidae. in that order. Where 
8 per cent of the diet of Class Ic mallards was composed of aquatic fauna 
Class IIa mallards consumed 47 per cent of the same type food. Almost 
the entire faunal diet of Class IIa ducklings consisted of Tendipedidae 
larvae. which also predaninated in Class IIb and IIc mallards. Corixidae 
JV1l1phs and adults appeared almost equally abundant in the diet of Class 
IIb mallards. 
The consumption of 13 per cent and 31 per cent aquatic fauna in 
Class Ia and Ib mallards, respectively, was attributed to low water 
levels; likewise with the abundance of mud dwelling Helophorinae in the 
diet of Class Ib ducklings. Receding water levels exposed mud which 
offered easy access of otherwise relatively unobtainable foods to younger 
mallards ducklings. Birds collected from such areas had a greater 
portion of aquatic and mud dwelling organisms in their diet than duck-
lings collected from areas with deeper water. 
By June 1960, water levels began to drop appreciably over most of 
the refuge. Resulting water conditions eliminated large areas of 
aquatic habitat but simultaneously aquatic foods became more accessible. 
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Table 22. Composition ot diet showing per cent ot major terrestrial and aquatic toods consumed b.Y each 
age class ot mallard duckling collected during the 1959 and 1960 rearing seasons on the Bear 
River Migratory Bird Refuge, Utah 
Item 
TERRESTRIAL FAUNA: 
Tendipedidae 
Helophorinae 
Myrmicinae 
Dolicopodidae 
Heteroceridae 
others 
Total ~ 
AQUATIC FAUNA: • 
Tendipedidae larvae 
Corixidae 
Corixidae eggs 
Dytiecidae 
Cyrpinu8 carpio 
others 
.E1.QM: 
Total 'f; 
Scirpus acutus seeds 
Zannichellia palustris seeds 
Potamogeton pectinatus seeds 
Scirpus spp. seeds 
Potamogeton pectinatus tubers 
others 
Total iO 
Grand total ~ 
Age class 
Ia Ib Ic IIa lIb IIc III Flyw 
63.73 13.74 63.48 1.00 .53 1.)0 
6.43 27.44 .38 .06 .17 .04 
3.89 5.11 2.64 .53 .54 
8.00 .76 .38 .23 .09 
5.qo 
2.12 5.~2 .13 .24 .15 
84.17 58. 7 67.01 2.06 .85 1.97 .00 .00 
.54 10.77 5.92 41.20 12.55 5.71 
3.20 7.40 .75 2.07 9.85 .40 
8.63 11.48 .88 .41 .28 .85 .69 
.57 .03 .06 3.92 
3.30 
,30 1.14 .~ .30 1,55 1.~1 .23 .08 
13.24 30.82 7. 47.34 28.15 8. 7 .92 .08 
.20 1.94 8.69 2.54 37.62 23.72 75.76 13.94 
2.82 30.40 20.58 
.11 1.41 14.73 13.58 12.52 44.25 22.73 70.70 
.31 2.67 .25 2.07 .10 16.40 
.03 .12 2.74 8.14 
.65 1.55 1.64 2.01 .18 2.2~ .59 7.14 
2.59 10.51 25.31 50.66 71.00 89.3 99.08 ' 99.92 
100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 
\.J\ 
0'\ 
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Thus, Class I mallards which were somewhat restricted by behavioral 
limitations in their feeding activities acquired aquatic fauna as drought 
conditions allowed. 
Nutritional aspects of the diet. The nutrient content or tbe 
chemical composition of the specific mallard foods and their digesti-
bility by ducklings must eventually be determined to fully understand 
the relationship between the changing diets and their value to ducks in 
the respective age categories. The acceptability and nutritive value of 
foods are related directly to the chemical composition; and studies on 
the composition, reactions and interactions of food components are 
important for gaining a better understanding of the properties of 
individual foods (Mrak and Stewart, 1948). 
The protein and energy values of the various diets are of par-
ticular interest. Norris and Scott (1952) indicated that more protein 
is needed early in the life of chicks because of the faster growth rate 
which requires the formation of much more body tissue. Wild mallard duck-
lings, like breeding adults, require about 19 per cent protein in their 
diet; optimum weight gain resulted when the diet contained about 8 per 
cent animal protein (Holm and Scott, 1954). Quality of protein, with 
regard to the amount and variety of the necessary amino acids, is appar-
ently more important than the quantity of protein in a food. Seeds 
analyzed by Spinner and Bishop (1950) contained several times less 
protein than the invertebrates referred to by Stiven (1961). Presumably 
the ducklings would derive more protein from an insect than a seed diet 
but digestibility trials are needed before the importance of one food 
over another can be determined. 
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Mechanics of food selection. Mallards of all ages were exposed to 
various kinds of food which varied in availability and chemical ccmpo-
sition. Particular items were apparently chosen in varying amounts to 
furnish the nutrients needed to insure survival, maintenance and growth. 
The selection of food has already been shown to be regulated in part by 
external or enVironmental factors which influence food availability. But 
certain aspects of the birds themselves should also be considered in the 
question of why same foods are taken over others at different ages. 
Class I mallards, likely, were sanewhat physically limited to 
pecking, picking up, plucking, snapping and straining (surface water) 
for the easily accessible insect food by virtue of a small physique and 
related strength and stamina which may have restricted underwater 
foraging to a minimum. Class II, III and flying juveniles were perhaps 
capable of more continual and strenuous feeding activity below the surface 
of the water, readhing and processing media for enough aquatic type food 
to satisfy the appetite. The younger dUCklings could probably afford to 
take such minute items as Corixidae eggs or larger items individually 
but as they matured they relied less on terrestrial feeding and looked 
to the underwater environment for most of their nourishment as changes 
in the physique allowed. 
Class I ducklings appeared to be attracted to small contra sty 
items that moved. Hence they responded by pecking at moving invertebrates 
more than the rather inconspicuous seeds. \.feichnann (1958) discussed the 
importance of movement on the release and imprinting of the following 
and joining responses in mallard ducklings which may apply in part to 
tiny objects suoh as food items. Fabricus and Bo.yd (1954) indicated that 
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mallard ducklings tended to follow moving objects of various size; those 
objects smaller than match boxes were sometimes pursued as items of 
food. such as flying insects. Perhaps a progressive loss of attraction 
to moving objects occurred as the ducklings matured. This would help 
eJq)lain the gradual shift from feeding on live objects to the inanimate. 
Weidmann (1956) claimed that ducks always snapped at insects when they 
were around. Apparently the attraction to moving objects is not lost 
entirely. 
Hailman (1961) stated that young precocia1 birds often pecked 
incessantly at small contrasty spots. Ford et a1. (1938) felt that the 
animal diet, in the first 2 weeks after hatching, of the partridge 
chi ck (Peridix peridix) was correlated with the habits of pecking at 
moving objects. At the end of this period the chicks abruptly switched 
over to a diet consisting primarily of plant food. However, the 
gradual change fran an animal to plant food diet in ring-necked pheasant 
chicks (Phasianus colchicus) t shown by Loughrey (1951) and Loughrey and 
Stinson (1955), may indicate a high degree of variability in the mani-
festation of this food intake factor between upland bird species. 
Perhaps the diets of yt>ung waterfowl species may vary 1ik.ewise. 
Differences in palatability of various foods to ducklings at various 
ages may have helped account for changes in the diet. Lepkovsky (1948) 
stated that various nutrients inherently are not palatable or unpalatable 
for a nutrient may be either, depending in part on the chemical composition 
of the body's internal medium that in turn depends on the continuous 
activity of the enzyme systems and other factors. Also, differences in 
caloric eJq)enditures t metabolic disturbances caused by rmtritional 
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deficiencies, endocrine disturbances and unbalance among nutrients cause 
changes in the internal medium that are accompanied by changes in the 
aoceptability of foods. 
The selection of food, which varied with the age of the ducklings, 
appeared to be a complexity of interrelated factors. The physiology 
of a duckling perhaps may be considered the basic manipulator of the 
diet for apparently it can regulate the acceptability of an accessible 
food through palatability and behavior. Inherent behavior patterns may 
have regulated the acquisition of certain palatable foods depending on 
the varying degrees of attraction for contrasty spots and movement, and 
use of particular feeding methods. Hinde (1960) felt that feeding be-
havior was partly dependent on learning, although the physiological 
changes influencing learning were unknown, and the number of distinct 
mechanisms involved was still uncertain. Learning, he stated, was 
influenced by specifiC structural characteristics. Thus, physique 
probably restricted the physical capabilities of the ducklings which in 
turn would influence the behavior that would be exhibited by an individual 
at a certain stage of develorment. The younger the individual duckling 
than the more restricted it would be in its food acquisition underwater. 
As the birds matured they probably became more versatile in taking food 
that was made palatable through the body' 5 internal medium. 
General feeding behavior of mallard broods and mother hens 
Observations of feeding activity. The food consumption and feeding 
behavior of mallard ducklings appeared to be independent of maternal 
influence except that the brood followed the hen into feeding places. 
While the hen used head submersion or tip-up feeding to acquire aquatic 
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food the downy young resorted to obtaining food out of the air, off of 
the water or ground surface, or from plants. Johnson (1952) also noted 
a difference between young and adult mallard feeding habits. As a point 
of interest, Hochbaum (1955) felt that although young canvasbacks may 
learn about certain food from their mother much of the food was found 
independently because of the broods feeding on the surface of the water 
while the hen was diving for food. Phillips (1923) stated that adult 
mallards have a characteristic feeding habit of tipping up for food 
which allows them to obtain food to a depth of a foot and a half; also 
that juveniles lose their diving habits when about two-thirds grown. 
but that there are numerous instances of adults diving for food. Weid-
mann (1956) also implied that 4 to 7 week old mallards dive for food. 
I did not witness this activity in three years of observations on wild 
broods. Jewett et ale (1953) claimed that adult mallards explored the 
bottom with their bills where the water depth is shallow enough to do 
so without diving, and as Phillips (1923) also mentioned, food may be 
Skimmed off the water's surface. Paddling insects from mud with the 
feet (Millais, 1902) is not a common occurrence according to Geyr von 
Schweppenburg (1959). 
Newly hatched mallards began feeding soon after leaving the nest. 
The hen leads her brood to water when the ducklings I down is dry and 
the birds are strong enough to walk (Bent, 1951). Girard (1941) claimed 
that the broods left the nest 12 hours after hatching. Phillips (1923) 
stated they left in about a day. At hatching, the internal yolk sac 
was large and may have furnished nourishment, but initial feeding of 
some ducklings was so voracious that food in excess of what could be 
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contained in the gizzard and proventriculus was stored in the highly 
expandable esophagus, which can be stretched to several times its normal 
volume for this purpose. Several of my Class II mallards and a flying 
juvenile had excess food stored in expanded gullets which indicated that 
the esophagus retained its capacity for expansion throu~hout the develop-
mental stages of life. 
My field observations indicated that Class I mallards, downy young, 
fed along the shore lines primarily on (1) items located on or near the 
surface of the water, mud and on dry ground, (2) airborne insects and 
(3) organisms clinging to vegetation (Figure 9). Even when newly hatched 
mallards appeared to have a fine ability to drink, strain water with 
their bill, snap flying insects out of the air, peck at and pick up 
still or moving objects like seeds or insects fram the ground, pluck 
insects from plants, bite and even chew material. In describing several 
feeding methods Weidmann (1956) said that mallard ducklings knocked 
plants with their bills to shake off clinging invertebrates. Geyr von 
Schweppenburg (1959), believing that p+snt shaking was another method 
for acquiring seeds directly off plants, mentioned that ducklings acquired 
seed panicles of grasses by stripping them off the plants. He claimed 
that jumping is used to capture insects fram plants. Although I have 
not observed plant shaking or stripping I have witnessed jumping in my 
captive mallards. When only 2 days old they could jump over 8 inches 
vertically from a standing position and reach several times their normal 
height to snap at objects above them. 
Wild mallards in captivity, Class la, Ib and Ic, showed no signs 
of head submersion or tip-up feeding used by the adults. Swimming and 
6) 
Figure 9. Class Ib mallards feeding on items located on the surface of 
the water, in the air, and on vegetation 
floating (dead) Corixidae, plus Potamogeton pect1natus plants were 
placed in a pan with 3 or more inches of water for the consumption 
by experimental birds. Unsuccessful attempts were made to consume the 
plant material floating on the surface. Stems and leaves were pecked 
at and chewed but could not be bitten off or sWallowed whole. Dead 
Corixidae, immobile on the surface, were consumed just as readily as 
the live Corixidae that were taken only when they swam close to the 
surface where they could be snatched from the water without head sub-
mergence. In fact, the ducklings tended not to submerge their bills 
into the water above the nares. 
Feeding activities appear to vary widely between various species 
of ducklings as Collias and Collias (1958) indicated. I placed a 
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brood of incubator-hatched wild gadwalls (~ strepera L.) less than a 
day old, on the refuge's stream-fed pond. The ducklings did not have 
water or food in the brooder. When placed on the water they began to 
drink and submerge the head and tip-up, apparently for food, almost 
immediately after swimming to near the center of the pond. I never 
observed this feeding behavior in newly hatched mallards that were treated 
similarly. According to Thorpe (1956) it is not clear how di~ferences 
in feeding characteristics between species arise because learning, to a 
large extent, influences the development of this behavior in the in-
dividual. 
Some authors indicated that juvenile mallard ducklings do not 
use head submersion and tip-up feeding to any great extent until several 
weeks after hatching. First indications of tip-up feeding were observed 
in 6-day-old mallards and complete dabbling in lO-day-olds by Weidmann 
(1956). Girard (1941) reported that during the first six weeks of age, 
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mallard ducklings spend their time along shorelines in weeds and other 
cover consuming many insects and feeding from the surface of the water. 
Audubon in Bent (1951) claimed that in about six weeks (Class rIc state) 
after hatching the young mallards procured food by partial immersion of 
the head and neck as did the older birds. Madson (1960) also mentioned 
that mallards began feeding by dipping their heads underwater similar 
to the mother hen about six weeks after hatching. However, I have 
observed several Class lIb mallard broods that concentrated on the 
adult feeding behavior. This, and the predominance of aquatic rather 
than terrestrial organisms in the invertebrate half of the diet of 
Class IIa mallards, about three weeks old, indicated that extensive 
use of adult feeding methods (Figure 10) occurred earlier than reported 
by other authors. 
Results of gullet-gizzard analYses. Further evidence of the 
differences or similarity between the food habits of broods and mallard 
bens as correlated with the age of the. ducklings occurred in the analysis 
of gullet-gizzard samples. The diSSimilarity in feeding behavior of 
newly hatched mallards from that of the mother is emphasized by examining 
the diet. Members of a Class Ia brood, just off the nest and feeding on 
open water, consumed primarily flying Tendipedidae adults; also Corixidae 
eggs fram floating Potamogeton pectinatus leaves where they were attached 
during egg laying, Helophorinae from the surface of exposed mud, YJYI"D1i-
cinae from the surface of the drier ground, and flying Dolicopodidae. 
Conversely, the mother hen fed on aquatic foods, mainly f. pect1natus 
seeds, also free swimming Taltridae and Scirpus acutus seeds (Table 23, 
Appendix Table 52). 
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Figure 10. A pair of adult mallards feeding b,y means of head submersion 
and tipping up 
Table 23. }~jor food items consumed by three Class Ia mallard ducklings 
(with praminant egg tooth and large internal yolk sack) and 
mother hen collected over open water of the Bear River 
Migratory Bird Refuge, Utah 
Class Ia duokling Mother hen 
Per cent Per cent 
Item of diet Item of diet 
Tendipedidae 60.83 f. pectinatus seeds 63.45 
Corixidae eggs 17.51 Taltridae 24.80 
Helophorinae 8.60 ~. acutus seeds 6. ';!? 
Myrmicinae 3.82 PhYsidae 1.83 
others 9.24 others 21 6,2 
100.00 100.00 
In another comparison of the gullet-gizzard contents of newly hatched 
ducklings with their mother the young fed mainly on Tendipedidae adults, 
plus about equal nUlllbers of Corixidae eggs, Dytiscidae and Corixidae. 
The mother concentrated primarily on Scirpus acutus seeds (Table 24, 
Appendix Table 53). 
Table 24. Major food items consumed by two Class Ia mallard ducklings 
(with praminant egg tooth and large internal yolk sac) and 
mother hen collected over open water on the Bear River 
Migratory Bird Refuge, utah 
Class Is ducklings 
Item 
Tendipedidae 
Corixidae eggs 
Dytiscidae 
Corixidae 
Dolicopodidae 
others 
Per cent 
of diet 
37.38 
14.02 
14.02 
13.09 
7.48 
14,01 
100.00 
Mother hen 
Item 
Per cent 
of diet 
S. acutus seeds 
Dytiscidae 
84.86 
7.34 
seeds 4.12 f. pectinatus 
others 2. 68 
100.00 
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The tendency for a mother hen to feed below the water's surface 
and what happens to her diet when plant food is not present in a particular 
habitat can be illustrated Qy the food contents of a brood sampled from 
a drying borrow ditch. The Class Ib ducklings consumed mostly Helo-
phorinae which were easily accessible on the surface of the mud, plus 
Tendipedidae larvae on and in the saturated mud or extremely low water 
adjacent to it, and Myrmicinae from the drier ground near the banks of 
the ditch. The mother hen, limited to the same foods without plant 
matter, concentrated on the aquatiC Tendipedidae larvae, rather than on 
the mud crawling Helophorinae, as did her ducklings (Table 25, Appendix 
Table 54). 
Table 25. Major food items consumed qy five Class Ib mallard ducklings 
and mother hen collected in drying borrow ditch on the Bear 
River Migratory Bird Refuge, Utah 
Class Ib ducklings Mother hen 
Per cent Per cent 
Item of diet Item of diet 
Helophorinae 67.81 Tendipedidae larvae 73.40 
Tendipedidae larvae 18.43 Helophorinae 20.62 
Myrmicinae 09.72 Hyrmicinae 3.09 
others 04.04 others 2.88 
100.00 100.00 
As juvenile mallards matured, their feeding habits became increas-
ingly more like the adults, particularly like those of the mother hen 
caring for her brood. The food consumed and the method of feeding of 
mallard broods became most similar to that of the mother hen when the 
ducklings were fully feathered but still unable to fly, Class III. 
Similarly, Mendall (1958) observed that the ring-necked ducks approaching 
the flight stage fed essentially like the flying young and adults. Com-
paring the diet of a ClasB III duckling with the hen showed that both 
consumed similar diets of Potamogeton pectinatus seeds (Table 26, 
Appendix Table 55). 
Table 26. Major food items consumed by one Class III mallard duckling 
and mother hen collected over open water on the Bear River 
Migratory Bird Refuge t utah 
Class III duckling 
Item 
E. pectinatus seeds 
Per cent 
of diet 
100.00 
Mother hen 
Item 
E. pectlnatus seeds 
Per cent 
of diet 
100.00 
The Similarity in food habits of the older juvenile mallards with 
the mother hen contrasted strongly with the complete dissimilarity when 
the young were newly hatched. o:>servation of broods and contents of 
the gullet-gizzard samples gave no evidence that the mother taught her 
brood how and on what to feed but simply led them to places for feeding. 
Periodicity in dailY feeding activity 
Diurnal feeding. The time of day apparently influenced the intensity 
of feeding activity by juvenile mallards as it does in the adults which 
show this particularly with regard to field feeding activity. Data on 
the average number of items consumed by birds of four age classes collected 
in the afternoon contained a much lower average number of food items than 
those birds collected in the morning or afternoon (Table 27). 
Table 27. The average number of food items consumed by young mallards 
collected in three diurnal tillle periods as determined by 
gullet-gizzard content analysis on the Bear River Migratory 
Bird Refuge. Utah 
Time period 
Morning Afternoon Evening 
Age class (7: 45-11: 30) (2:00-3:30) (5:05-7:45) 
Class Ia 124 184-
(9)a (13) 
Class lb 211 76 276 
(6) (10) (5) 
Class IIa 28 268 
(3) (6) 
Class rIb 306 127 421 
(2) (4 ) (4) 
a Number of ducklings examined 
The mallard ducklings apparently did not quit feeding for any 
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significant length of time in the afternoon. Gizzards of all the birds 
sampled contained food regardless of when the collection was made. 
Freshly ingested material in the afternoon samples indicated that the 
ducklings apparently did not abstain fran feeding canpletely but simply 
fed more sparingly during the middle part of the day in fair weather. 
Phillips (1923) felt that it was necessary for ducks to fill themselves 
at least twice a day if not oftener. 
Even under seemingly optimum weather conditions for terrestrial 
insect activity (Peterson. 1959) many of the Tendipedidae still remained 
clinging to vegetation along the dike roadways while the rest of the 
population was present in tall wedge-shaped swarms above the vegetation. 
There seemed to be no shortage of terrestrial insects to limit the feeding 
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of downy young mallards at any time of the day or any time during the 
rearing season. Conceivably Class II mallards consuming many aquatic 
insects and other food in the water, were sCtl1ewhat restricted to daylight 
hours wben optimum conditions of light and water temperature prevailed 
for this type of feeding a3 discu3sed by Lawrence (19.50). 
It seems likely that the feeding periodicity of juvenile mallards 
was probably a manifestation of the pattern possessed by the adults 
which carry on field feeding activities. Field feeding flights of 
waterfowl are discussed by Bellrose (1944) and Hochbaum (1955) who indi-
cated that feeding activity was concentrated into early morning and late 
afiernoon or evening hours. Bossenmaier and Marshall (1950) I also in 
agreement, added that there was a greater frequency of midday waterfowl 
flights to the fields under adverse weather conditions. 
Several causes of feeding periodicity have been proposed by 
researchers but no satisfactory answer has yet been found. Kendeight 
(1934) proposed that heat significantly influenced the activity of adult 
birds,which may explain the absence of field flights during the hot, clear 
calm hours of summer and early fall. He also claimed that cool weather 
may have encouraged greater activity and increased the da~ food re-
quirement of birds. WiMer (1950) reported that in black and mallard 
duck feeding flights there was no relationship between time of day, mean 
daily temperature or the light intensity. Geyr von Schweppenburg (1959) 
felt that the evening flight of mallards occurred at a definite degree 
of twilight. Diem (1958) and Diem and Lu (1960) analyzed the time of 
day differences of the number of ducks observed and determined that 
a significantly larger number of adult mallards (and other "motile 
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puddlers 11) were seen in the 5: 30 a.m. roadside census. No such differ-
ence was found occurring between the 9:30 a.m. and 1:30 p.m. censuses. 
Likewise, significantly more mallard (and other IImotile puddler") broods 
were counted in the earliest census than in the latter two. Assuming 
that the activity bringing the mallards into view was correlated with 
feeding, the above census information indicated less feeding activity of 
both young and adult mallards after the early morning hours which extending 
into the early afternoon. Hochbaum (1944) reported canvasback broods 
and Mendall (1958) ring-necked broods tended to be more active during 
the morning and evening hours. 
Nocturnal feeding. No attempt was made to collect mallard ducklings 
at night and no observations were made on their nocturnal habits. Fre-
quently I observed adult mallards, without broods, feeding nocturnally 
in the moonlight. Night feeding by mallards has been reported by 
Bossenmaier and }~rshall (1958), Girard (1941) and Vesey-Fitzgerald (1946). 
Gollop (1950) concluded that nocturnal feeding probably occurred in 
heavier duck concentrations and Hammond (1950) believed that ducks may 
walk from sloughs into the grain to feed at night. According to Geyr 
von Schweppenburg (1959) wild hen mallards and their broods feed 
abundantly during the daytime until the young were almost fully fledged. 
Phillips (19?3) made an interesting canment that mallards. like all 
true ducks,probably fed almost entirely by day before the advent of man. 
Then the mallards would spend the night in small sheltered pools and 
during the summer they would feed in sheltered areas throughout the day 
if left alone; alSO, that mallards fed readily on dark nights but 
even better on moonlight ones. Nocturnal feeding he claimed was possible 
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b,y a delicate sense of touch through nerve endings in the bill. 
Organisms are sensitive and respond to stimuli at energy levels so 
low that previously animals and plants were considered completely 
oblivious to them (Brown, 1945). Such forms of stimuli may possibly 
affect organism behavior significantly with regard to feeding activities. 
According to Palmgren (1949) most activities show a diurnal rhythm. the 
controlling factors of which are undoubtedly complex and involve inter-
actions between different response mechanisms. 
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CONCLUSIONS 
A large variety of possible duckling foods were present on the 
Bear River Migratory Bird Refuge during the mallard rearing season but 
few kinds appeared highly abundant and still fewer of these occurred 
abundantly in the diet of juvenile mallards. The most abundant foods 
of a partioular type, terrestrial or aquatic animal or plant, were 
not necessarily those taken most often qy the birds in the greatest 
quantities. Mallards of various ages, feeding in the same area at 
the same time, tended to feed on the type and proportions of the food 
items most characteristic of their respective ages regardless of the 
fact that the other foods were available. 
Newly hatched'mallards consumed a diet consisting primarily of 
terrestrial type insects. With an increase in age progressively less 
animal and more plant food, primarily seeds, were taken. At the time 
of the appearance of the first body feathers half of the diet consisted 
of plant matter and the ~nvertebrate half was composed mainly of 
aquatic insects. The change over to a plant food diet was complete 
when the mallards were fully feathered just before flight. 
The pattern of diet change with duckling growth appeared to 
represent a selection of food required to satisfy changing nutrient 
requirements. The chemical content of specific food items and the 
digestibility of these items by ducklings at different stages of maturity 
will have to be studied before the relationship between foods, chemical 
canponents and their value to growing ducklings is determined. 
The food consumption and feeding activities of mallard broods 
appeared independent of maternal influence except that the hen would 
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lead her brood to feeding areas. The diSSimilarity in food habits between 
hen and brood was greatest when the ducklings were newly hatched. The 
mother hen concentrated on taking food from beneath the water's sur-
face, animal if plant food was not available, and downy young were con-
cerned with items on the surface of the water and ground, in the air 
or on plants. Partially feathered young made extensive use of adult 
feeding methods but the diet of the broods became most like that of the 
mallard hen when the young were fully feathered shortly before flight 
occurred. 
Juvenile mallards apparently possessed diurnal periodicity in 
feeding activity. More food was apparently consumed during the morning 
and evening hours than in the middle of the day. Such feeding may be 
an early manifestation in the non-flying young of the periodic feeding 
flights shown to be characteristic for adult mallards and other field 
feeding species of waterfowl. 
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RECOMMENDATIONS 
Similar research of food availability and selective food utiliza-
tion by juveniles of other major waterfowl species and on other rearing 
grounds is recommended. Eventually the requirements of species located 
on the same or different areas could be compared to determine what type 
of habitat manipulation would suffice for rearing waterfowl most effi-
ciently on a common use basiS. 
Knowledge of the specific food items required b.1 juvenile water-
fowl will allow studies into the effects that chemical poisons have on 
these foods. Contamination of invertebrates used as food or reductions 
in their populations at a time when ducklings require them may be im-
portant factors influencing waterfowl production in sprayed areas. 
Chemical components should be determined of the various foods 
important to juvenile mallards and other species. Digestibility of 
these foods b.Y ducklings of various age classes needs study to determine 
the actual value one food has over the other to ducklings at different 
stages of development. Undoubtedly a species of duckling consumes 
different foods on different marshes because of variance in food avail-
ability. Comparing the foods consumed and their chemical components 
will help reveal the tolerance a species would have to differing food 
supplies. 
More baSic studies of physiological processes and pnysique of duck-
lings from the time of hatching to maturity will be essential for a 
complete understanding of feeding habits. Of particular interest is 
?? 
how both intrinsic and extrinsic conditions may influence a bird's 
feeding to meet changing nutrient requirements with increased develop-
ment. 
Habitat availability and selective use by various species of 
waterfowl would help determine whether the best possible use is being 
made of our present wetlands. Extensive habitat surveys combined with 
the determination of habitat use by juvenile and adult waterfowl 
throughout the year will indicate how and when the habitats are being 
used. Habitat changes could then be made to derive the most efficient 
use of the various habitat types including opening up emergent stands, 
planting stands of important vegetation and subdividing huge expanses 
of open water areas to encourage nesting and increase waterfowl pro-
duction. 
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SUMMARY 
This investigation was devoted to a study of food availability and 
the selective utilization by juvenile mallards (~ p1atyrhlnchos 
p1atyrhynchos L.) from hatching through the flight stage. Such informa-
tion furnishes basic knowledge which may be used for determining the 
effects of chemical poisons on these organisms, haw breeding ground 
habitats could be manipulated for their most efficient use by duckling 
species, what nutrients occur in natural duckling foods and the digesti-
bility of these items. 
The Bear River Migratory Bird Refuge, Utah, was used as the study 
area during the waterfowl breeding seasons of 1959. 1960 and 1961. 
Mallard ducklings of all ages were collected on various parts of the 
refuge mainly along the dikes where broods were most accessible. 
Invertebrates were sampled on a 1-acre study plot located in Unit 
2a and were also observed elsewhere on the marsh. Plant phenology and 
production were observed and measured in half-mile long study sites 
along the dike in the north part of Unit 2, south dike in Unit :3 and 
the east dike of Unit 5, the areas where most of the ducklings were 
collected. Sampling stations and transects for invertebrate sampling 
were established on a restricted randomized design basis. Aquatic 
organisms were sampled by first confining water at each station in a 
square, metal sampler and then using a hand pump to remove the water 
for straining; flying and plant clinging invertebrates by net sweeping; 
flying insects for distribution information by sticky board traps and 
ground crawlers by ground traps. Abundance of individuals was expressed 
as a per cent of total numbers sampled. The relative abundance of 
submersed vegetation was determined by the air dry weight of each 
species in bottom samples from which seeds and tuber production was 
also estimated. The emergent plant species was measured by clipped 
plot samples. 
Ducklings were collected for gullet-gizzard contents which were 
analyzed with the aid of a reference collection of available foods. 
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The per cent abundance of each item was based on the total number con-
sumed by ducklings in various age classes. Observations were also made 
on feeding habitats of birds in the wild and on captive ducklings which 
were incubator hatched from eggs collected in the field. 
Tendipedidae were by far the most abundant flying and plant cling-
ing organism sampled by net sweeps in the emergent vegetation. Pbloeo-
thripidae, Araneae, Drosophilidae, Cicadellidae, Colicopodidae, Hydra-
carina, Ephydridae, Miridae, Coccinellidae in that approximate order 
formed most of the remaining population. Relative abundance changed 
somewhat during the season for various organisms in each habitat. 
Tendipedidae also preddminated in all habitats as the main flying 
insect sampled by sticky boards. Ephydridae, Dolicopodidae, Chalcidae 
and Ortalidae,in that approximate order, comprised most of the remaining 
population. The overall abundance of insects decreased as the season 
progressed. Increasingly more f~1ng insects were captured in stands 
of vegetation from ground or water surface to the upper plant portions. 
Converse~, concentrations of insects decreased with increased height 
over open water and mud indicating more insect food was available to 
ducklings over open water than in the vegetation of emergent stands. 
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Myrmicinae dominated the drier ground areas, sampled by ground 
traps, but Helophorinae wer~ observed dominant on moist mud along the 
sides of drying borrow ditches, canals and island shores. 
Cladocera, Corixidae, Copeopoda, Ostracoda, Cladocera ephippia, 
Tendipedidae larvae, Oligochaeta and Gastrapoda, in that approximate 
order, dominated the population of 25 kinds of aquatic invertebrates 
sampled. Aquatic organisms also fluctuated somewhat in relative abun-
dance throughout the season in the different habitats. 
Fresh seeds of Scirpus acutus were not available as duckling food 
until late in the season when the seeds were mature and dropped from 
the spikelets. Zannichellia palustris seeds appeared well developed in 
ear~ June and Potamogeton pectinatus seeds late lin June. ~. palustris 
producing about 1,123 seeds per square foot of the plant bed was 
slightly more abundant than E. pectlnatus which did not come to seed in 
the Unit 2 site. f. pectlnatus predominated in the Unit 3 site, produc-
ing about 378 seeds per square foot of plant bed; f. palustris about 
125 seeds per square foot. f. pectlnatus also predominated in the 
Unit 5 site and produced about 349 seeds and 13 tubers per square foot. 
About 9,929 ~. acutus seeds were produced per square foot of emergent 
vegetation bed. 
The season of the year, weather conditions, decreasing water levels, 
habitat, previous season's seed crop and conspicuousness of a food item 
influenced the accessibility of food items to ducklings of a given age. 
4 • Mallard broods were apparently sampled in direct proportion to the 
number produced from along the dike ro~ds where they were most accessible 
Brood activity centered around stands of Scirpus acutus, the most abundant 
emergent speCies along the lake shore side of the dikes. The majority 
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of these broods hatched during the latter part of May when invertebrate 
foods were more abundant than later in the season. 
Male mallards generally outweighed females from the earliest age 
class and increased their weight 31 times and females 26 times before 
reaching maturity. 
Captive downy young mallards utilized approximately 2.5 grams of 
food .for every gram gained in body weight. Mallard broods showed 
varied degrees of nervousness when their cages were approached and 
perhaps this factor should be considered when captive birds are being 
used for experimentation. 
Thirty-two of 45 kinds of food consumed by wild mallard juveniles 
of all ages occurred as less than 1 per cent of the total diet. The 13 
major foods consisted of Tendipedidae adults, Scirpus acutus seeds, 
Zannichellia palustris seeds, Potamogeton pectinatus seeds, Tendipedidae 
larvae, Helophorinae, Corixidae eggs, Corixidae, Scirpus spp. seeds, 
~~icinae, Dolicopodidae, Heteroceridae, and P. Pectinatus tuber~ in 
that order. 
Class Ia mallards oonsumed terrestrial invertebrates almost exclus-
ively. Proportionately less animal and more plant foods, primarily 
seeds, were taken as the birds matured. At Class IIa half of the diet 
was composed of plant matter and the other half consisted primarily of 
aquatic invertebrates. Continually more plant food was consumed until 
the shift in diet was complete in Class III mallards before flight 
occurred. 
Presumably the younger ducklings derived more protein from their 
predominantly animal food diet than the older juveniles did from a 
plant food diet. Information is needed on the chemical composition of 
specific mallard foods and their digestibility before the value of a 
food item can be determined for ducklings in various age classes. 
The selection of food items appeared to be influenced partially 
qy food accessibility and a complexity of interrelated factors, in-
cluding physique, attraction to small contra sty objects that move, 
learning and palatability. 
The foods consumed and the feeding activity of mallard ducklings 
appeared to be independent of maternal influence except that the hen 
led the brood to feeding places. Class I ducklings fed along the 
shore lines primarily on items located on or near the surface of the 
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water, mud and on dry ground; airborne insects and organisms clinging to 
, 
vegetation by various feeding methods. Feeding under the water's sur-
face by head submersion and tip up feeding like the mother hen was 
uncommon until the Class II stage. Experimental birds Showed that downy 
young tended not to submerge their bill beneath the surface of the water 
above the nares. Captive young, just 2 days old, could jump over 8 inches 
vertically from a standing position and reach several times their normal 
height to snap at objects above them. 
Both observations and examination of gullet-gizzard contents showed 
that the greatest dissimilarity in feeding habits between brood and 
mother hen occurred when the young were newly hatched. The diet progress-
ively changed from animal to plant material and was identical to the 
hen when the brood was Class III, even though extensive use of adult 
feeding methods began at about the Class IIa stage. 
Juvenile mallards exhibited a periodicity in daily feeding activity. 
More items were apparently consumed during the morning and evening hours 
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than during the middle of the day when ducklings fed much more sparingly. 
Periodic feeding peaks in juveniles may be an early manifestation of the 
periodic feeding behavior of adults engaged in field feeding activities. 
No data were collected on the nocturnal feeding habits of juvenile 
mallards. 
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Table 28. Relative abundance of plant clinging and flying invertebrates 
sampled by taking 20 sweeps with a 15-inch net in each of 
three transects each week in the Distichlis stricta habitat 
of the study plot in Unit 2a of the Bear River Migratory Bird 
Refuge. Utah. May through July. 1960 
Organism 
Tendipedidae 
Phloeothripidae 
Araneae 
Drosophilidae 
Cicadel1idae 
Dolicopodidae 
Hydracarina 
Ephydridae 
Miridae 
Coccinellidae 
other 30 
Grant total 
Season 
Total Weekly 
items mean 
& % &+S-
- x 
4.623 
44.2 
2.921 
27.9 
584 
5.6 
544 
5.2 
469 
4.5 
116 
1.1 
497 
4.8 
204 
2.0 
181 
1.7 
47 
.5 
273 
2.5 
10.452 
100.0% 
355.6 
45.5 
224.7 
67.7 
44.9 
8.3 
41.8 
8.7 
36.1 
8.0 
8.9 
2.8 
38.2 
19.1 
15.7 
10.1 
13.9 
3.9 
3.6 
.7 
May(5)a June (4) 
Total Total 
items items 
& % & % 
2.214 
74.4 
68 
2.2 
100 
3.3 
79 
2.6 
76 
2.5 
24 
.8 
350 
11.4 
13 
.4 
26 
.8 
11 
2.5 
99 
1.1 
3.060 
100.0% 
1,349 
33.8 
1.606 
40.3 
200 
5.0 
235 
5.9 
117 
2.9 
77 
1.9 
141 
3.5 
24 
.6 
112 
2.8 
21 
2.9 
99 
.4 
3.981 
100.0;:6 
a Number of weeks or days samples were taken 
July(4) 
Total 
items 
& % 
1.060 
31.1 
1,247 
36.6 
284 
8.3 
230 
6.7 
276 
8.1 
15 
.4 
6 
.2 
167 
4.9 
43 
1.3 
15 
.4 
68 
2.0 
3,411 
100.0% 
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Table 29. Relative abundance of plant clinging and flying invertebrates 
sampled by taking 20 sweeps with a l5-inch net in each of 
three transects each week in the Scirpus paludosus habitat of 
the study plot in Unit 2a of the 3ear River Migratory Bird 
~efuee, Utah, May through July, 1960 
Season ~'ay(5)a June (4) July(4) 
Total ~eekly Tot 1 Total Total 
items mean items items items 
Organism & ~ &+S- & % & % & it 
- x 
Tendipedidae 6,539 503.0 5.573 663 303 
63.8 205.2 78.7 36.8 22.3 
Ph1oeothripidae 319 24.5 106 96 117 
3.1 5.7 1.5 5.3 e.7 
Araneae 829 63.8 208 300 321 
8.1 6.9 2.9 16.7 23.6 
Drosopbilidae 428 32.9 227 47 154 
4.2 10.3 3.2 2.6 11. J 
Cicadellidae 93 7.2 19 33 41 
.9 1.4 .3 1.8 3.0 
Dolicopodidae 4{)0 30.8 188 98 114 
3.9 7.5 2.7 5.4 8.4 
Hydra carina 53 4.1 46 6 1 
.5 2.0 .7 .3 .1 
Epbydridae 287 22.1 74 73 140 
2.8 5.4 1.0 4.1 10.3 
Miridae 190 14.6 65 114 11 
1.8 4.1 .9 6.3 .8 
Coccinellidae 252 19.4 III 122 19 
2.5 4.7 1.6 6.8 1.4 
other 30 861 469 252 140 
8,1.1- 6.5 13.9 10.1 
Grand total 10,251 7.086 1,804 1,361 
100.0 100.0 100.0 100.0 
a Number of weeks or days samples were taken 
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Table 30. Relative abundance of plant clinging and flying invertebrates 
sampled by taking wO sweeps with a 15-inch net in each of 
three transects each week in the Scirpus acutus habitat of the 
study plot in Unit 2a of the Bear River Migratory Bird Refuge, 
Utah, May through July, 1960 
S~2§On Mav(S)a June(4) Julv(4) 
Total Weekly Total Total Total 
items mean items items items 
Organism & % &+S- & ~ & % ~ ~ 
- x 
Tendipedidae 1,262 97.1 1,137 105 20 
63.7 54.9 84.8 26.5 8 . 2 
Phloeothripidae 126 9.7 36 68 22 
6.4 "1.9 2.7 17.1 9.1 
Araneae 165 12.7 19 60 86 
8.3 2.7 1.4 15.1 35.4 
Drosophilidae 48 3.7 38 4 6 
2".4 2.4 2.8 1.0 2.5 
Cicadellidae 48 3.7 16 17 15 
2.4 .7 1.2 4.3 6.2 
Dolicopodidae 49 3.8 11 28 11 
2.5 .8 .8 7~1 4.1 
Hydracarina 8 .6 5 3 
.4 3.3 .4 .8 
Ephydridae 58 4.5 9 21 28 
2.9 1.1 .7 5.3 11.5 
Miridae 58 4.5 25 25 8 
2.9 1.3 1.9 6.3 3.3 
Coccinellidae 25 1.9 22 3 
1.3 .7 5.5 1.2 
Other 30 134 45 44 43 
6.8 3.3 11.0 18.5 
Grand total 1,981 1,341 397 242 
100.0 100.0 100.0 100.0 
A Number of weeks or days samples were taken 
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Table 3l. Flying insect distribution on four yellow sticky board sur-
faces facing the four cardinal directions in each habitat of 
the study plot in Unit 2a of the Bear River Migratory Bird 
Refuge, Utah, under an average wind speed of 2.6 m.p.h. on 
12 sampling days (9:30 a.m. to 3:30 p.m.) for May through 
July, 1960 
Distribution Total 
levels above insects Average Standard 
water or mud captured number error of 
Habitat (inches) (12 weeks) per week mean 
Open water 30 - 24 712 59.3 24.5 
24 - 18 770 41. 7 22.1 
18 - 12 881 73.4 25.4 
12 - 6 1,104 92.0 30.8 
6 - 0 1,839 153.3 44.6 
Distichlis 30 - 24 1,112 85.5 21.9 
stricta 24 - 18 1,343 103.3 24.7 
18 - 12 1,)61 104.7 22.3 
12 - 6 884 68.0 19.4 
6 - 0 395 30.4 7.6 
ScirEus 30 - 24 920 70.8 21.4 
Ealudosus 24 - 18 764 58.8 21.2 
18 - 12 559 43.0 16.2 
12 - 6 393 30.2 11.4 
6 - 0 310 23.8 7.5 
ScirEus 30 - 24 812 62.5 20.4 
acutus 24 - 18 686 52.8 15.4 
18 - 12 540 41.5 14.4 
12 - 6 386 29.7 7.9 
6 - 0 376 28.9 9.7 
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Table 32. Relative abundance of flying insects sampled by four yellow 
sticky board surfaces, 6 x 30 inches, facing the cardinal 
directions for five hours each week in the open water habitat 
of the study plot in Unit 2a of the Bear River Migratory Bird 
Refuge, Utah, May through July, 1960 
Organism 
Tendipedidae 
Dolicopodidae 
Ephydridae 
Chalcidae 
Ortalidae 
other 26 
Grand total 
Season 
Total \.Jeekly 
items 
& % 
4,130 
77.9 
412 
7.8 
363 j 
6.8 
37 
102 
1.9 
260 
5.6 
5,304 
100.0 
mean 
&+S-
- x 
344.2 
132.4 
3lJ..3 
16.5 
30.3 
15.4 
3.1 
.7 
8.5 
2.5 
May(J)a 
Total 
items 
& c; 
2,067 
91.1 
41 
1.3 
224 
6.9 
3 
.1 
14 
.4 
7 
.2 
3,256 
100.0 
a Number of weeks or days samples were taken 
June (5) 
Total 
items 
& ~ 
950 
61.4 
311 
20.1 
86 
5.6 
15 
.8 
49 
3.2 
137 
8.9 
1,548 
100,0 
July(4) 
Total 
items 
& ~ 
213 
42.6 
60 
12.0 
53 
10.6 
19 
3.8 
39 
7.8 
116 
23.2 
500 
100.0 
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Table 33 . Relative abundance of flying insects sampled by four yellow 
sticky board surfaces, 6 x 30 inches, facing the cardinal 
directions for five hours each week in the Distichlisstricta 
habitat of the study plot in Unit 2a of the Bear River Migra-
tory Bird Refuge, Utah, May through July, 1960 
Organism 
Tendipedidae 
Dolicopodidae 
Ephydridae 
Chalcidae 
Ortalidae 
other 26 
Grand total 
Season 
Total Weekly 
items 
& ~ 
4,215 
83.9 
36 
.7 
523 
10.4 
131 
2.6 
14 
.2 
103 
2.2 
5.022 
100.0 
mean 
&+S-
- x 
324.2 
77.7 
2.8 
.6 
4().2 
14.1 
10.1 
5.0 
1.1 
.4 
May(J)a 
Total 
items 
& % 
2,389 
85.5 
16 
.6 
215 
7.7 
103 
3.7 
2 
70 
2.5 
2,795 
100.0 
aNumber of weeks or days samples were taken 
June(5) 
Total 
items 
& % 
1,292 
83.7 
I) 
.8 
135 
8.7 
22 
1.4 
7 
.5 
75 
4.9 
1,544 
100.0 
July(4) 
Total 
items 
& % 
534 
78.2 
7 
1.0 
83 
12.2 
6 
.9 
5 
.7 
48 
7.0 
683 
100.0 
99 
Table 3If. Relative abundance of flying insects sampled by four yellow 
sticky board surfaces, 6 x 30 inches. facing the cardinal 
direction for five hours each week in the Scirpus paludosus 
habitat of the study plot in Unit 2a of the Bear River Migra-
tory Bird Refuge, Utah. t1ay through July. 1960 
SeasoD May(3)a June (5) July(4) 
Total Heekly Total Total Total 
items mean items items items 
Orp;anisrn &fo &+S- & % & p &% 
- x 
Tendipedidae 2.338 179.8 1.941 348 49 
79.8 72.2 87.0 72.5 22.7 
Dolicopodidae 80 6.2 45 26 9 
2.7 2.0 2.0 5. h 4.2 
Ephydridae 236 18.2 75 32 129 
8.1 5.2 3.4 6.7 59.7 
Chalcidae 129 9.9 113 13 3 
4.4 3.6 5.1 2.7 1.4 
Ortalidae 11 .8 6 3 2 
. 3 .2 .6 .9 
ether 26 134 52 5.8 24 
5 .0 2.3 12.1 11.1 
GrFind total 2,928 2,232 480 216 
100.0 100.0 100.0 100.0 
a Number of weeks or days samples were taken 
100 
Table 35. Relative abundance of flying insects sampled by four yellow 
sticky board surfaces, 6 x 30 inches, facing the cardinal 
directions for five hours each week in the Scirpus acutus 
habitat of the study plot in Unit 2a of the Bear River Migra-
tory Bird Refuge, Utah, Hay through July, 1960 
Season :1ay(3)a June(S) July(4) 
Total \.Jeekly Total Total Total 
items mean items items items 
Organism & ~ &+S- & % & % & % 
- x 
Tendipedidae 1,739 133.8 1,174 507 58 
61.9 40.2 64.1 64.0 31.2 
Dolicopodidae 123 9.9 33 77 13 
4.4 2.6 1.8 9.7 7.0 
Ephydridae 154 11.8 66 34 54 
5.5 3.7 3.6 4.3 29.0 
Cha1cidae 129 9.9 74 53 2 
4.6 2.8 4.0 6.7 1.1 
Orta1idae 49 3.7 26 14 9 
1.7 .8 1.4 1.8 4.8 
Other 26 616 459 107 50 
21.9 25.1 13.5 26.9 
Grand total . 2,810 1.8'32 772 186 
100.0 100.0 100.0 100.0 
a Number of weeks or days samples were taken 
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Table 36. Relative abundance of ground crawling invertebrates sampled 
b,y two ground traps, 3 inches in diameter, left out for a 
day and a half each week May through July, 1960, in the 
Distichlis stricta habitat of the study plot in Unit 2a of 
the Bear River Migratory Bird Refuge, Utah 
Season May(4)a June(5) July(4) 
Total 'Neekly Total Total Total 
items mean items items items 
Org;mism & ~ &+S- & ~ & % & ~ 
- x 
Myrmicinae 2,949 226.8 960 1,345 664 
89.1 19.0 94.8 89.1 78.8 
Silphidae 309 23.8 12 125 172 
9.3 6.0 1.2 e.3 21.1 
Other 9 53 3.5 41 39 1 
1.6 1.0 4.0 2.6 .1 
Grand total 3.311 1,013 1,509 817 
100.0 100.0 100.0 100.0 
a Number of weeks or days samples were taken 
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Table 37. Relative abundance of aquatic invertebrates sampled by five 
water s~mples each week in the borrow ditch habitat of the 
study plot in Unit 2a of the Bear ~iver Migratory Bird 
Refu~e, Ut3h, May through July, 1960 
Cladocera 
Corixidae 
Capepod;;; 
Cl ,docera ephippia 
TendipediJae larvae 
C1 i£'och eta. 
Gastropoda 
Other l7 
Grand total 
Season 
Total 'tieekly 
items 
& t 
826 
;t. J 
51 
?3 
1,083 
, 47.7 
121 
5.3 
52 
2.6 
5 
.2 
42 
1.9 
p ,., 
~( 
3.7 
" ,273 
100.0 
mean 
&+s-
- x 
63.5 
31.0 
3.9 
2.7 
83.3 
4?7 
9.3 
6.7 
4.5 
2. ! 
.4 
. 2 
? " 
..... v 
~aY( 5 )a 
Total 
items 
% & 
823 
46. 2 
42 
?4 
630 
35.3 
120 
l.7 
51 
2.:) 
42 
2.4 
75 
it, 1 
1,793 
100.0 
a Number of weeks or d.gys samples were taken 
June (4) 
Total 
items 
&% 
3 
2.6 
4 
3.5 
86 
75.4 
1 
.9 
5 
4.4 
5 
4.4 
10 
2 .3 
ll4 
100.0 
Ju1y(4) 
Total 
items 
& % 
o 
5 
1.3 
367 
97.6 
2 
.5 
2 
.6 
376 
10C.0 
103 
Table 38. Relative abundance of aquatic invertebrates samples qy five 
water samples each week in the open water habitat of the 
study plot or comparable stations in Unit 2a of the Bear 
River t1igratory Bird Refuge, Utah, May through July. 1960 
Organism 
Cladocera 
Corixidae 
Copepoda 
Ostracoda 
Cladocera ephippia 
Tendipedidae larvae 
Oligochaeta 
Gastropoda 
Other 17 
Grand total 
Season 
Total Weekly 
items 
& ~ 
5.632 
62 .6 
1.623 
18.0 
319 
3.6 
652 
7.3 
64 
.7 
487 
5.4 
21 
.2 
2 
197 
2.2 
8.997 
100.0 
mean 
&+S-
- x 
433.2 
243.6 
124.8 
19.0 
24.5 
14.4 
50.2 
30.9 
4.9 
2.3 
37.5 
10.6 
1.6 
1.0 
.2 
.1 
MaY(S)a. June (4) July(4) 
Total Total Total · 
items 
& % 
5.261 
69.6 
903 
11.9 
241 
3.2 
630 
8.3 
42 
.6 
326 
4.3 
20 
.3 
2 
135 
1.8 
7.560 
100.0 
items 
& % 
268 
32.6 
270 
32.9 
50 
6.1 
22 
2.7 
22 
2.7 
136 
16.6 
1 
.1 
52 
6.3 
821 
100.0 
items 
& % 
103 
16.7 
450 
73.1 
28 
4.6 
25 
4.1 
10 
1.5 
616 
100.0 
a Number of weeks or days samples were taken 
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Table 39. Relative abundance of aquatic invertebrates samples b.Y five 
water samples each week in the Distich1is stricta ha9itat of 
the study plot in Unit 2a of the Bear River Migratory Bird 
Refuge, Utah, in May, 1960 
Ma;l~4~a 
Total Weekly 
items mean 
Organism & % &+s-
- x 
C1adocera 6,270 2,090.0 
60.6 116.8 
Corixidae 100 25.0 
1.0 16.4 
Copepoda 650 162.5 
6.3 46.7 
Ostracoda 1,180 295.0 
• 11.4 • 79.5 
C1adocera ephippia 1,200 )00.0 
11.6 32.9 
Tendipedidae larvae 4)0 107.5 
4.2 )6.0 
01igochaeta 40 10.0 
.4 5.0 
Gastrapoda 143 )5.8 
1.4 1).5 
other 17 340 
).1 
Grand total 10,353 
100.01-
a Number of weeks or days samples were taken 
105 
Table 40. Relative abundance of aquatic invertebrates sampled b.Y five 
water samples each week in the Scirpus pa1udosus habitat of 
the study plot or comparable stations in Unit 2a of the 
Bear River Migratory Bird Refuge, Utah, May through July, 
1960 
Season May(5)a June (4) July(4) 
Total Weekly Total Total Total 
items mean items items items 
Organism &~ &+s- & % & ~ & ~ 
- x 
Cladocera 4,807 369.8 3,252 1.001 554 
60.8 120.3 58.5 66.6 65.3 
Corixidae 605 46.5 199 185 221 
7.7 45.1 3.6 12.4 26.0 
Copepoda 650 50.0 510 128 12 
8.2 25.2 9.2 8.6 1.4 
Ostracoda 423 32.5 360 51 12 
5.4 12.0 6.5 3.4 1.4 
C1adocera ephippia 164 12.6 160 4 
2.1 6.4 2.9 .3 
Tendipedidae larvae 284 21.8 205 73 6 
3.6 7.7 3.7 4.9 .7 
01igochaeta 363 27.9 J4<) 23 
4.6 13.3 6.1 1.5 
Gastrapoda 376 28.9 343 18 15 
4.8 9.2 6.2 1.2 1.8 
other 17 232 188 15 78 
2.8 3.3 1.1 3.4 
Grand total 7,904 5,557 1.498 898 
100.0 100.0 100.0 100.0 
aNumber of weeks or days samples were taken 
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Table 41. Relative abundance of aquatic invertebrates sampled by five 
water samples each week in the Scirpus acutus habitat of the 
study plot or comparable stations in Unit 2a of the Bear 
River Mi.gratory Bird Refuge. Utah. May through July. 1960 
Season May(5)a June (4) July(4) 
Total Weekly Total Total Total 
items mean items items items 
Organism & % &+S- & ~ &% & ~ 
- x 
Cladocera 1.978 152.2 1.757 85 136 
30.5 84.0 36.7 11.1 14.6 
Corixidae 2.289 176.1 929 575 765 
35.3 31.6 19.4 77.5 82.2 
Copepoda 238 18.3 232 4 1 
3.7 14.7 4.8 .5 .1 
Ostracoda 318 24.5 318 
4.9 11.1 6.6 
C1adocer ephippia 375 28.8 362 13 
5.8 12.5 7.6 1.7 
Tendipedidae larvae 357 27.5 299 56 2 
5.5 9.3 6.3 7.3 .2 
01igochaeta 695 53.5 691 4 
10.7 29.9 14.4 .5 
Gastrapoda 48 3.7 37 8 3 
.7 1.6 .8 1.0 .3 
other 17 186 160 3 24 
2.9 .4 .4 2.6 
Grand total 6.484 4.785 768 931 
100.0 100.0 100.0 100.'0 
aNumber of weeks or days samples were taken 
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Table 42. Relative abundance of aquatio plant species in three study 
sites as determined by 10 samples of three 36-square-inch 
replicas in each at the Bear River Migratory Bird Refuge, 
Utah, in July, 1961, based on air-dry weight 
Collection sites 
Uni~ 2 Unit J Unit 4 
Av. gms. Grams Av. gms. Grams Av. gInS. Grams 
per per per per per per 
sample sq. ft. sample sq. ft. sample sq. ft. 
Species &+S.: & ~ &+S-
& " 
&+S- &~ 
- x - x 
- x 
Potamogeton 1.08 1.44 12.95 16.98 11.75 15.68 
pectinatus .38 20.57 .95 93.19 .93 89.09 
Potamogeton Trace .07 .12 .09 .12 
species .04 .66 .10 .68 
Zanniche11ia 1.36 1.80 .11 .20 
pa1ustris .50 25.71 .09 1.10 
Chara 2.76 3.68 .49 .92 
species 
.59 52.57 .29 5.05 
Ruppia .02 .03 
maritima .02 .~3 
Filamentous .04 .05 1.35 1.80 
algae .03 .72 .60 10.--23 
Isoetes 
species Trace 
Total 7.00 18.22 17.60 
100.00 100.00 100.00 
; 
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Table 43. Relative abundance of all food items con~ned by 94 juvenile 
mallards collected during the 1959 and 1960 rearing seasons 
on the Bear River Migratory Bird Refuge, Utah, based on number 
of items counted in gullet-gizzard samples 
Food item 
Tendipedidae 
Scirpus acutus seeds 
Zannichellia Ealustris seeds 
Potamogeton pectinatus seeds 
Tendipedidae larvae 
Helophorinae 
Corixidae eggs 
Corixidae 
Scirpus species seeds 
Myrmicinae 
Dolicopodidae 
Heteroceridae 
Potamogeton pectinatus tubers 
Dytiscidae 
Distichlis stricta seeds 
Lygaeidae 
Scirpus palusosus seeds 
RUmex crispus seeds 
CyPrinus carpio fry 
Curculionidae 
Potamogeton pectinatus galls 
Taltridae 
Coenagrionidae 
Eleocraris species 
Ostracoda 
Physidae 
Tabanidae larvae 
Phloeothripidae 
Araneae 
Hydraear1nA 
Cladocera ephippia 
Perlodidae 
Braconidae 
Baetidae 
Hydrophilidae 
Chalcidae 
Planorbidae 
Care x species seeds 
Cladocera 
Staphylinidae 
Tabanidae adults 
Anisoptera 
Acroceridae 
Bryozoan statoblasts 
Coccinellidae 
Per cent of diet 
20.33 
13.20 
12.69 
12.34 
10.03 
7.81 
4.39 
4.30 
3.16 
2.19 
1.96 
1.25 
1.02 
.82 
.71 
.64 
.45 
.39 
.37 
.27 
.21 
.19 
.15 
.12 
. 09 
.09 
.09 
.09 
.08 
. 07 
. 06 
.04 
.04 
.02 
.02 
.02 
.02 
.01 
.01 
.01 
.01 
.01 
.01 
.01 
.01 
100.00 
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Table 44. Selective utilization of food items by 22 Class Ia juvenile 
mallard ducklings collected on the Bear River Migratory Bird 
Refuge, Utah, 1959 and 1960 
Item 
Diptera: 
Tendipedidae 
Dolicopodidae 
Tendipedidae larvae 
Bracionidae 
Hemiptera: 
Corixidae eggs 
Corixidae 
Lygaeidae 
Coleoptera: 
Helophorinae 
Curculionidae 
Dytiscidae 
Hydrophilidae 
Coccine11idae 
Hymenoptera: 
Myrmicinae 
Thysanoptera: 
Phloeothripidae 
Araneae 
Zygoptera: 
C oenar ionidae 
Cladocera ephippis 
Ostariophysi 
Cyprinidae (Cyprinus carpio) fry 
Ephemeroptera 
Baetidae larvae 
Bryozoan statoblasts 
Flora 
Gramineae: 
Distichlis stricta seeds 
Cyperaceae 
Eleocharis spp. seeds 
Scirpus spp. seeds 
Scirpus acutus seeds 
Scirpus paludosus seeds 
Carex spp. seeds 
- I Polygonaceae 
~ crispus seeds 
Potamogetonaceae 
Potamogeton pectinatus seeds 
Potamogeton pectinatus tubers 
Per cent 
of diet 
63.73 
8.00 
.54 
.03 
8.63 
3.20 
.46 
6.43 
1.00 
.57 
.06 
.03 
3.89 
.31 
.20 
.09 
.09 
.09 
.03 
.03 
1.03 
.54 
.31 
.20 
.05 
.03 
.29 
.11 
.OJ 
100.00 
Frequency of 
occurrence 
10.14 
8.76 
4.15 
.46 
8.76 
7.37 
3.69 
9.22 
8.30 
2.30 
.46 
.46 
10.14 
.92 
2.30 
.92 
1.38 
.46 
.46 
.46 
5.07 
2.30 
3.69 
.92 
.46 
.46 
4.15 
1.38 
:46 
100.00 
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Table 45. Selective utilization of food items by 21 Class Ib juvenile 
mallard ducklings collected,on the Bear River Migratory Bird 
Refuge, Utah, 1959 and 1960 
Coleoptera: 
Helophorinae 
Heteroceridae 
Curculionidae 
Staphylinidae 
Dytiscidae 
Hydrophilidae 
Diptera: 
Item 
Fauna 
Tendipedidae 
Tendipedidae larvae 
Dolicopodidae 
Tabanidae larvae 
Braconidae 
Chalcidae 
Acroceridae 
Hemiptera: 
Corixidae eggs 
Corixidae 
Iqgaeidae 
Hymenoptera: 
Myrmicinae 
Zygotera: 
Coenarionidae larvae 
Anisoptera larvae 
Cladocera ephippia 
Araneae 
Ostracoda 
Thysanoptera: 
Phloeothripidae 
.E1.Q!:! 
Cyperaceae 
Scirpus spp. seeds 
Sc1rpus acutus seeds 
Eleocoris spp. 
Zannichelliaceae 
Zannichellia palustris seeds 
Potamogetonaceae 
Potamogeton pectinatus seeds 
Potamogeton pectinatus tubers 
Gramineae 
Distichlis stricta seeds 
Per cent 
of diet 
29.93 
5.90 
.23 
.06 
.03 
.03 
13.74 
10.77 
.76 
.32 
.17 
.12 
.03 
11.48 
7.40 
2.47 
5.11 
.50 
.03 
.20 
.09 
.06 
.06 
2.67 
1.94 
.03 
2.82 
1.41 
.12 
1.,22 
100.00 
Frequency of 
occurrence 
8.19 
4.37 
3.28 
1.09 
.55 
1.09 
6.01 
5.46 
6.56 
1.09 
1.64 
1.64 
.55 
7.65 
8.20 
3.28 
8.74 
1.09 
1.09 
1.64 
1.09 
.55 
.55 
6.01 
3. 83 
.55 
3.83 
J.8; 
1.09 
,2.46 
100.00 
Table 46. Selective utilization of food items by 4 Class Ic juvenile 
mallard ducklings, collected on the Bear River Migratory 
Bird Refuge, Utah, 1960 
Item 
Diptera: 
Tendipedidae 
Tendipedidae larvae 
Dolicopodidae 
Hymenoptera: 
Myrmicinae 
Hemiptera: 
Corixidae eggs 
Corixidae 
Coleoptera: 
Helophorinae 
CIa doc era 
Araneae 
Potamogetonaceae 
Potamogeton pectinatus 
Cyperaceae 
Scirpus acutus seeds 
Scirpus paluso sus seeds 
Scirpus spp. 
Polygonaceae 
~ crispus seeds 
Gramineae 
seeds 
Distichlis stricta seeds 
Per cent 
of diet 
63.48 
5.92 
.38 
2.64 
.88 
.75 
.38 
.13 
.13 
14.73 
8.69 
.63 
.25 
.76 
.25 
100.00 
Frequency of 
occurrence 
12.90 
6.45 
9.68 
12.90 
3.23 
9.67 
6.45 
3.23 
3.23 
6.45 
6.45 
3.23 
3.23 
6.45 
6.4,:2 
100.00 
III 
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Table 47. Selective utilization of food items by 9 Class IIa juvenile 
mallard ducklings, collected on the Bear River Migratory 
Bird Refuge, Utah, 1959 and 1960 
Item 
Zannichelliaceae 
Zannichellia pa1ustris seeds 
Potamogetonaceae 
Potamogeton pectinatus seeds 
Potamogeton pectinatus galls 
Cyperaceae 
Scirpus acutus seeds 
Scirpus spp. 
Fauna 
-
Diptera: 
Tendipedidae larvae 
Tendipedidae 
Dolicopodidae 
Ostariophysi 
Cyprinidae (C~rinus carpio) fry 
Hemiptera 
Corixidae 
Corixidae eggs 
Lygaeidae 
Hymenoptera 
Myrmicinae 
Ostracoda 
Zygotera: 
Coenarionidae larvae 
Aranead 
Coleoptera: 
Dytiscidae 
He1ophorinae 
Per cent 
of diet 
30.40 
13.58 
2.01 
2.54 
2. 07 
41.20 
1.00 
.23 
3.30 
2.0,? 
.41 
.12 
.53 
.18 
.12 
.12 
.06 
.06 
100.00 
Frequency of 
occurrence 
8.20 
9.83 
1.64 
1.64 
9.83 
8.20 
9.83 
6.56 
3.28 
13.11 
6.56 
3.28 
4.92 
4.92 
3.28 
1.64 
1.64 
1.64 
100.00 
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Table 48. Selective utilization of food items by 12 Class lIb juvenile 
mallard ducklings, collected on the Bear River Migratory Bird 
Refuge, Utah. 1959 and 1960 
Item 
Flora 
-
Cyperaceae 
Scirpus acutus seeds 
Scirpus paludosus seeds 
Sclrpus spp. 
Zannichelliaceae 
Zannichellla palustris seeds 
Potamogetonaceae 
Potamogeton pectinatus seeds 
Polygonaceae 
~ crispuB seeds 
Fauna 
Diptera: 
Tendipedldae larvae 
Tendipedidae adults 
Tabanidae adult 
Tabanidae larvae 
Hemiptera: 
Corixidae 
Corixidae eggs 
Coleoptera 
Dytiscidae 
Helophorinae 
Hydrophilidae 
Hydracarina: 
Hydracbnidae 
Pulmonata 
Physidae 
Ostracoda 
Plecoptera 
Perlodidae 
Zygoptera 
Coenarionidae 
Ephemoroptera 
Baetidae larvae 
Thysanoptera 
Phloeothripi~e 
per cent 
of diet 
37.62 
.14 
.10 
20.58 
12.52 
.04 
12.55 
.53 
.04 
.04 
9.85 
.28 
3.92 
.17 
.04 
.43 
.43 
.32 
.25 
.07 
.04 
:04 
100.00 
Frequency of 
occurrence 
12.91 
03.23 
1.61 
8.07 
16.13 
1.61 
6.46 
3.23 
1.61 
1.61 
8.06 
4.84 
6.45 
8.07 
1.61 
1.61 
3.22 
3.23 
1.61 
1.61 
1.61 
1.61 
100.00 
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Table 49. Selective utilization of food items by 19 Class IIc juvenile 
mallard ducklings, collected on the Bear River Migratory Bird 
Refuge, Utah, 1960 
Item 
Potamogetonaceae 
Potamogeton pectinatus seeds 
Potamogeton pectinatus tubers 
Cyperaceae 
ScirPus acutus seeds 
Sci!:Eus spp. seeds 
ScirEus ,Ealudosus seeds 
Polygonaceae 
Rumex crispus seeds 
Gramineae 
Distichlis stricta seeds 
Fauna 
Diptera: 
Tendipedidae larvae 
Tendipedidae adults 
Tabanidae larvae 
Dolicopodidae 
Amphipoda: 
Taltridae 
Hemiptera: 
Corixidae eggs 
Corixidae 
Hymenoptera: 
Myrmicinae 
Pulmonata: 
P1anorbidae 
Physidae 
Coleoptera: 
Helophorinae 
Ostracoda 
Per cent 
of diet 
44.25 
2.74 
23.72 
16.40 
.54 
.63 
1.08 
5.71 
1.30 
.14 
.09 
1.35 
.85 
.40 
.54 
.09 
.09 
.04 
.04 
100.00 
Frequency of 
occurrence 
20.88 
1.10 
5.49 
12.09 
4.40 
4.40 
9.89 
7.69 
3.29 
2.20 
2.20 
1.10 
7.69 
6.59 
6.59 
1.10 
1.10 
1.10 
1.10 
100.00 
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Table .50. Selective utilization of food items by 2 Class III juvenile 
mallard ducklings. collected on the Bear River fvIigratory Bird 
Refuge. Utah. 1959 and 1960 
Item 
Cyperaceae 
Scirpus acutus seeds 
Scirpuspaludosus seeds 
Potamogetonaceae 
Potamogeton pectinatus seeds 
Hemiptera: 
Corixidae eggs 
Ephemeroptera: 
Baetidae larvae 
Per cent 
of diet 
BO.27 
.69 
IB.12 
.69 
.23 
100.00 
Frequency of 
occurrence 
16.67 
16.67 
33.33 
16.67 
16.67 
100.00 
Table 51. Selective utilization of food items by 5 flying juvenile 
mallard ducklings, collected on the Bear River Migratory 
Bird Refuge, Utah, 1959 and 1960 
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Item 
Per cent 
of diet 
Frequency of 
occurrence 
Potamoget onaceae 
Potamogeton pectinatus seeds 
Potamogeton pectinatus tubers 
Cyperaceae 
Scirpus acutus seeds 
Scirpus paludosus seeds 
Polygonaceae 
Rumex crispus seeds 
Fauna. 
Hemiptera: 
Corixidae 
70.70 
8.14 
13.94 
4.45 
2.69 
.08 
100.00 
30.00 
10.00 
30.00 
10.00 
10.00 
10.00 
100.00 
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Table 52. Selective utilization of food items by 3 Class Ia juvenile 
mallard ducklings. newly hatched. and mother hen collected 
June 9. 1960, at 7:10 p.m. on the Bear River Migratory Bird 
Refuge, Utah 
Item 
Fauna 
-
Diptera: 
Tendipedidae 
Tendipedidae larvae 
Dolicopodidae 
Hemiptera: 
Corixidae eggs 
Corixidae 
Lygaeidae 
Coleoptera: 
Helophorinae 
Curculionidae 
DYtiscidae 
Hymenoptera: 
Myrmicinae 
Araneae 
Cladocera ephippia 
Amphipoda: 
Taltridae 
Pulmonata: 
Physidae 
Planorbidae 
Cyperaceae 
ScirEus acutus seeds 
Polygonaceae 
~ crispus seeds 
Potamogetonaceae 
Potamogeton pectinatus seeds 
Zannichelliaceae 
Zannichellia palustris seeds 
G.ramineae 
Distichlis stricta seeds 
Per cent of diet 
Ducklings Mother hen 
60.83 
3.18 
17.51 
1.59 
.64 
8.60 
.64 
3.82 
.95 
.64 
.64 
.64 
.32 
100.00 
.52 
.26 
.26 
.26 
1.05 
24.80 
1.83 
.52 
6.27 
.26 
63.45 
.26 
.26 
100.00 
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Table 53. Selective utilization of food items by 2 Class 1a juvenile 
mallard ducklings, newly hatched, and mother hen collected 
June 11, 1960, at 2:15 p.m. on the Bear River Migratory Bird 
Refuge, Utah 
Item 
Fauna 
Diptera: 
Tendipedidae 
Tendipedidae larvae 
Dolicopodidae 
Braconidae 
Hemiptera: 
Corixidae eggs 
Corixidae 
qgaeidae 
Coleoptera: 
Dytiscidae 
Curculionidae 
Hymenoptera: 
Mynnicinae 
Araneae 
Cyperaceae 
Scirpus spp. seeds 
Scirpus acutus seeds 
Potamogetonaceae 
Potamogeton pectinatus seeds 
Gramineae 
Distichlis stricta seeds 
Zannichelliaceae 
Zannichellia palustrls seeds 
Per cent of diet 
Ducklings Mother hen 
37.38 
.93 
7.48 
.93 
14.02 
13.09 
.93 .92 
14.02 7.34 
1.87 
5.61 
.93 
2.81 
84.86 
4.12 
1.38 
1.38 
100.00 100.00 
Table 54. Selective utilization of food items by 5 Class Ib juvenile 
mallard ducklings and mother hen collected June 16, 1960, 
at 7:40 p.m. on the Bear River Migratory Bird Refuge, Utah 
Per cent of diet 
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Item Ducklings Mother hen 
Coleoptera: 
Helophorinae 
Curculionidae 
Dytiscidae 
Diptera: 
Tendipedidae Larvae 
Tendipedidae 
Hymenoptera: 
Myrmicinae 
Corixidae eggs 
Flora 
Gramineae 
DiBtichlis stricta seeds 
Cyperaceae 
ScirpuB spp. seeds 
Potamogetonaceae 
Potamogeton eectinatus seeds 
Zannichelliaceae f 
Zannichellia palustrls seeds 
67.81 
.07 
.07 
18.4) 
.29 
9.72 
.07 
1.51 
1.51 
.52 
100.00 
20.62 
.21 
73.40 
.21 
3.09 
.82 
1.03 
.62 
100.00 
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Table 55. Selective utilization of food items by 1 Class III juvenile 
mallard duckling and mother hen collected July 15. 1960. at 
5:00 p,m. on the Bear River Migratory Bird Refuge. Utah 
Per cent of diet 
Items Ducklings Mother hen 
Flora 
Potamoget onaceae 
Potamogeton pectinatus seeds 100.00 100.00 
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Table 56. Analysis of variance of the numerical abundance of the domi-
nant flying and plant clinging organisms in 20 sweeps with a 
15-inch net in each of three transects taken each week in 
the Distichlis stricta habitat of the study plot in Unit 2a 
of the Bear River Migratory Bird Refuge, Utah, May through 
July, 1960 
Source of Degrees of Swns of Hean 
variation freedom squares squares F 
Replications 2 5798.31 2899.15 3.324* 
Organisms 8 512450.80 64056.35 73.458** 
Time 12 37923.45 3160.29 3. 624** 
Organisms x time 96 360077.63 3750.81 4.301 ** 
Error 232 202320.55 872.07 
Total 350 1118570.74 
* Significant at the 95 per cent level 
.* Significant at the 99 per cent level 
